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Title 

Amidino and Guanidino Substituted Inhibitors of Trypsin- 

Li)ce Enzymes 

r rn9S Referee to Re lated Applications 
This application is a continuation-in-part of 
Application Serial Number 08/204,055, filed March 2, 
1994, which is a continuation-in-part of Application 
Serial Number 08/052,835, filed April 27, 1993. 

Field of the Invention 
The present invention relates generally to a-amino 
acids and a-aminoboronic acids and corresponding peptide 
analogs in which the alpha substituted is substituted 
with an ar omatic guanidino, amidino group, halogen, 
cyano group, aliphatic amidino, formamidino group, or 
other neutral group. 

Background of the Invention 
Simple boronic acids are inhibitors of serine 
proteases. For example, Koehler et al. Biochemistry 10: 
2477 (1971) reports that 2-phenylethane boronic acid 
inhibits chymotrypsin at millimolar levels . The 
synthesis of boronic acid analogs of N-acyl- a-amino 
25 acids has yielded more effective inhibitors. Ac- 

boroPhe-OH, R-i-acetamido-2-phenylethane boronic acid, 
inhibits chymotrypsin with a K ± of 4 iM Mattesbn et al. 
J. Am. Cnem. Soc. 103: 5241 (1981). More recently, 
Shenvi, US 4,537,773 (1985) disclosed that boronic acid 
analogs of a-amino acids, containing a free amino group, 
were effective inhibitors of aminopeptidases . Shenvi, 
US 4 499,082 (1985) discloses that peptides containing 
an a-aminoboronic acid with a neutral side chain were 
more effective inhibitors of serine proteases exceeding 
inhibitors disclosed earlier by as much as 3 orders of 
magnitude in potency. The chemistry of a-aminoboronic 
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acids was further expanded to the synthesis of peptide 
analogs containing boronic acid with positive charged 
sidechains. boroLysine, boroArginine, boroOrni thine , and 
isothiouronium analogs (EPA 0 293 881, 12/7/88). This 
5 series of compounds have provided highly effective 
inhibitors of thrombin and other trypsin- like enzymes 
The boroArginine analogs specifically designed as 
thrombin inhibitors are highly effective in the 
inhibition of blood coagulation both in vitro and in 
10 vivo, m the present invention, this group of compounds 
is extended to aliphatic amidino and formamidino, to 
aromatic amidino and guanidino, to cyano and halogen 
and to other neutral substituted aromatic boronic acid * 
analogs . ^ 

15 It should be noted that additional boronic acids 

have been disclosed. Metternich (ep 0471651) have 
described peptides containing boroArginine and 
boroLysine which contain at least one unnatural amino 
acxd residue. Elgendy et al. Tetrahedron Lett 33 
20 4209-4212 (1992) have described peptides containing V 
aminoboronic acids with aliphatic neutral sidechains 
which are thrombin inhibitors. Kakkar in (WO 92/07869) 
has claimed peptide thrombin inhibitors of the general 
structure, X-Aa 1 -Aa 2 -NH- C H(Y) -Z where Aaj. and Aa 2 are 
25 unnatural amino acid residues, z is -CN -COR '") 
-B(R2)<R3), -P(0)(R)(R), ^d y is - ich^-o or'-CH 2 -Ar-Q • 
where Q = H, amino, amidino, imidazole, guanidino or 
xsothioureido and n=l- 5 and where R 2 and R 3 are the same 
or different and are selected from the group consisting 
Of OH. 0R6, and Hr6r7, or R 2 ^ r3 taken together 

represent the residue of a diol. This specialized group 
of compounds where Z is -B( R 2) (r3 } fall within ^ 
of our present application, it should be noted that 
this is a narrow subset of Kakkar et al. However, 
rather specialized chemical transformations are required 
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to prepare these compounds and Kakkar et al. does not 
make an enabling disclosure. 

'summary of the Invention 
5 A compound of formula (I) 

R 2 
I 

R* .N^ ,E 
OH 

R 1 



wherein 
10 E is 

a) -BY 1 ^ 2 , 

b) -c(=0)R 14 ; 
C) -C(=0)OR«, 

d) -C(=0)NR i5 R 16 , 

15 e) -C(=0)R*# ° r 

£) -C(=0)COOR*; 

yl and Y 2 are 
a) -OH, 
20 b) -F, 

c) -NR 4 R 5 , 

d) Ci-Ca alkoxy, or 

when taken together Y*- and Y 2 form: 

e) a cyclic boron ester where said chain or ring 
contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N, S 

f) a cyclic boron amide where said chain or ring 
contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N. S 
or 0, 
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9) a cyclic boron amide-ester where said chain or 
ring contains fro* 2 to 20 carbQn ^ 

optionally, 1-3 heteroatoms which can be N s 
or O • ' ' 



or O; 

y3 and y< are 

a) -OH, 

b) -H, or 

C) -F; 



is 



a) Cl-ci2-alkyl is optionally substituted with -CN 
-OR* -COM*. -NHC (NH) NHR6 / -SCO*)**. ' 
-NHC (NH) NHOH, -NHC (NH) NHC (O) R^ , -NHS(0) rR 4 
™NHR<, -KHCCO,^, -NHC(O) CH(OH)R'*, -NHC-NCN). 
SR6, -NHC(=NCN)NHR6, -ONHR6, -NHC(=Nr6, H 
-ONHC(= NCN ,NHR6, -ONHC(=NH)NHR 6 , -ONHC(=NR6,h 
-ONHC(=NH)NHOH, - C (NH)NHC (0, R*. -SCNHJNHCOJrS 
-NHC(,NC N )NH C <0)R 6 , -0NHC(0>R 6 , -^(^(O R H ' 
-ONHC(=NCN,NHC(0,R€, -0NHC(=NH)NHC(0)R6 ' 
-ONHC(=NC(0)R6) H/ -C(NH)NHC(0) 0 r6 
-NHC(NH)NHC(0)0r6, -SC(NH)NHC(0) 0 r6 

-NHC(=NCN)NHC(0)0R6, -0NHC(0>0R6, 4 C (« N C(0)0R6,h 
-ONHC(=NCN,NH C (0)OR 6 , -ONHC(=NH,NHC(0,OR6 ' 
■■ ^(0,0^, -NHC ( NH)NH C (O,0RS, 0r 




c) 
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.(CH2) q 



d) 




(CH^p 
X 

; or 



Y 

t 



X is 

„ j^Ybgen (FT CIV Br, I) 





b) 


-CN, 




C) 


-N02, 




d) 


-CF3, 




e > 


-NH2 


10 


f) 


-NHC (NH) H, 




g) 


-NHC (NH)NHOH, 




h) 


-NHC (NH) NHCN, 




i) 


-NHC(NH)NHR 6 , 




3) 


-NHC(NH)NHCOR 6 , 


15 


k) 


-C(NH)NHR 6 » 




1) 


-C(NH)NHCOR 6 ' 




m) 


-C(0)NHR 2 . 




n) 


-C02R 2 , 




o) 


-OR 2 . 


20 


P) 


-OCF3, 




Q) 


-SC(NH)NHR 6 , 




r) 


-NHS(0) r R 4 . 




s) 


-NHC<0)NHR 4 , 




t) 


-NHC(0)R 4 , '.. 


25 


u) 


-NHC(0)CH(OH)R 4 , 
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v) -NHC(-NCN) -SR6, 
w) -NHC(=NCN)NHR6 # 
X) -NHC(=Nr6)H, 
y) -0NHR6, 
5 z) -ONHC(=NCN)NHR 6 , 

aa) -OKHC(=NH)NHR 6 , 

ab) -ONHC(=NH)H, 

ac) -ONHC(=Nr6)h, or 

ad) - ONHC ( =NH } NHOH ; 

10 Y is =0, =N0H, or =N-NHC(=0)H; 
R 2 is 

a) H, 

b) optionally substituted CI - CI 2 - alkyl , 

c) optionally substituted cycloalkyl, 

d) optionally substituted aryl, where aryl i s phenyl 
or napthyl, or 

e) optionally substituted -C1-C4- alkylaryl, where 
aryl is defined above; 



15 



20 



25 



where the groups CI -C12- alkyl, cycloalkyl, and -Cl- 
C4 -alkylaryl optionally contain in-chain heteroatoms 
(0, N, S) and the groups Cl -C12- alkyl, cycloalkyl 
aryl, and -C1-C4- alkylaryl are optionally 
substituted with one or two substituents selected 
from the group consisting of: 

halo ( P , ci, B r, I), ci-C4-alkyl, ci-C4-alkoxy, 
-N0 2 , -CF 3 , -S(0) r -Cl-C4-alkyl, -OH, -NH 2 , 
-NH(Cl-C4-alkyl>, -N(ci-C4-alkyl) 2 , or -C0 2 R<. 
* is H, alkyl, aryl, alkylaryl, - S (o) r - R 7, - c(=0)r7 ' 

-C(=0)OR>, -P (O , 2 0R7 or any other m 2 blocking group 
comprised of l- 2 o carbon atoms; 
R 4 and r5 are independently: 

a) hydrogen, 

b) Ci-C 4 alkyl, 

35 c) -{Ci-C* alkyl) -aryl, or 
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d) C5-C7 cycloalkyl; 

R 6 is 

a) H, 

b) Cl-C4-alkyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 
selected from the group consisting of : 

halo (F, CI, Br. I), Cl-C4-alkyl. C1-C7 -alkoxy, 
-N0 2 , -CF 3f -S(0) r -Cl"C4-alkyl, -OH. -NH 2 , 
-NH(Cl-C4-alkyl), -N(Cl-C4-alkyl) 2 , and -C0 2 R«: 

or 

d) -Cl-C4-alkylaryl, where aryl is as defined above; 

R 7 is 

a) H, 

15 b) Cl-C4-alkyl, 

c> aryl. wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 
selected from the group consisting of: 

halo, Cl-C4-alkyl, C1-C7 -alkoxy, -N0 2 , -CF 3 . 
-S(0) r -Cl-C4-alkyl, -OH, -NH 2 . -NH(Cl-C4- 
alkyl), -N(Cl-C4-alkyl) 2 , and -C0 2 R 4 : or 
d) -Cl-C4-alkylaryl. where aryl is as defined above; 

R 13 is : 

a) hydrogen 
25 b) halogen, 

c) C1-C4 alkyl, 

d) Ci-C 4 alkoxy, 

e> methylenedioxy, 

f) -N0 2 , 

30 g) -CF3, 

h) -SH, 

i) -S(0) r -(C!-C 4 alkyl) , 

j) -CN, 

k) -OH, 

35 1) -NH2» 

m) -NH(Ci-C fl alkyl) , 
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n) -N(C a -C« alkyl) 2 , 
o) -NHC(«=0)R«, or 
P) - (CH 2 )p-C02R 4 ; 

5 R 14 is: 

a) -CF 3 , 

b) -CHP2, 

c) -CH 2 P, 
<3) -CH2CI, 

10 e) -C(=0)0R4, 

f) -C(«=0)NR" R 16 / 

g> *C(=0)R«, 

h) -C(=0)COOR«, 

i) -C(=0)C(=0)NRi5 R 16 f 
15 J) -C(=0)C(=0)R« , 

k) -CY3y«C00R«, 
1) -CY3y4c(«0)NRi5 R l« # 
•CY3 Y 4 c(:=0)R 4 f 



25 



m) 



n) -CH2Br, 
20 o, 



p) 



-o 

, or 
Q) heterocycle; 
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R 15 and Rl6 are independently: 
a) hydrogen, 
*>) Ci-c 4 alkyl, 
O -(Ci-C^j alkyl) -aryl, 
30 d) C s -C 7 cycloalkyl, or 

e) phenyl, optionally substituted by Ri3. 
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R 15 and R 16 can be taken together to form a ring: 



25 



a) 



- N w w 



W is 
5 a) -0-, 

b) -S(0) r *» 

c) -(CH 2 )n-. 

d) -NR 4 -, 

e) a bond, or 
10 f) -NC(=0)R 4 -; 

A is an amino acid residue or a peptide comprised of 2- 

20 amino acid residues; 
n is 0 or 1; 
p is 0 to 3; 
15 q is 0 to 4; 

Ld S pnarmaceutically acceptable salts thereof, with the 
proviso that when r! is aliphatic, the R* substituent on 
-NHC (NH)NHR 6 cannot be H. 



Preferred are those compounds of the formula (I) 

where : 
r1 is 

a) Cl-Cl2-alkyl is optionally substituted with -OR 2 , 
-C(NH)NHR 6 , -NHC(NH)H, -NHC (NH) NHR 6 , - NHC (NH) NHOH , 
-NHS(0)rR 4 < -NHC (O) NHR 4 , -NHC(0)R 4 , -NHC (O) CH (OH) R 4 , 
-NHC(=NCN)-SR 6 , -NHC(=NCN)NHR 6 , -ONHR6, -NHC(=NR«)H, 
-ONHC(=NCN)NHr€, -ONHC(=NH)NHR 6 , -ONHC(=NH)H, 
-0NHC(=NR 6 )H, or -0NHC(=NH)NH0H; 



30 b) 
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X is 

a) halogen (f, ci, Br, I) 

b) -CN, 

c) -NO2, 
A ° d) -CP 3 , 

e) -NH2 

f) -NHC(NH)H, 

g) "NHC (NH) NHOH, 

h) -NHC (NH) NHCN, 
L 5 i) -NHC(NH)NHR6, 

j) -C(NH)MHR6» 
JO -C(0)NHR2, 
1) -CO2R 2 , 
m) -OR 2 , 
0 n) -OCF3, 

o) -SC(MH)NHR6, 
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p) -NHS(0) r R 4 » 
q) -NHC (O) NHR 4 , 
r) -NHC(0)RV 
S) -NHC(0)CH(OH)R 4 , 
t) -NHC (=NCN) NHR 6 , 
u) -NHC(=NR 6 )H, 
v) -ONHR6, 
w) -ONHC (=NCN) NHR 6 , 
x) - ONHC <=NH) NHR 6 , 
y) -ONHC(=NH)H, 
z) -ONHC(=NR 6 )H, or 
aa) - ONHC (*=NH) NHOH; 
R 14 is: 

a) -CF 3 , 

b) -CHP2/ 
C) -CH2F, 

d) -C(=0)OR 4 , 

e) -C(=0)NR 15 R 16 , 

f) -C(=0)R*, 

g) 



i) heterocycle; 

and all other substituents are as defined above. 

More preferred are those compounds of the formula 
(I) where: 
y3 and Y 4 are -OH; 
Rl is 
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a) Cl-C12-alkyl is optionally substituted with -OR* 
-C(NH)NHR6, -NHC(NH)H, -NHC(NH)NHR6, -NHS(0) r R4 

-nc(0)«« ( .mc(o)R4, -nhc(o)ch<oh)r<, -nhc(=ncn) - 

SR«. -NHC(=NCN) N HR6, -0NHR6. or - ONHC («=NH) NHR^ • 
b) 




c) 




d) 



or 



10 



15 



20 



(CH 2 ) q 




X is 

a) halogen (Br) 

b) -CN, 

c) -NH 2 

d) -MHC(NH)H, 

e) -NHC(NH)NHR6, 

f) -ccnh)nhr6, 

g) -c(o)nhr2 / 
n) -C0 2 R 2 , 

i) -OR2, or 
j) "NHC (=NR 6 )H; 
R 14 is: 



-12- 



WO 96/12499 



PCI7US9S/13702 



a) -CF 3 , 

b) -CHF2, 
C) -CH2F, 

d) -C(=0)OR 4 , 

5 e) -C(<=0)NR 15 R 16 , 

f) 



g) 




10 h) heterocycle; 

and all other substituents are as defined above. 

Most preferred are those compounds of the formula 
15 (I) where: 

E is - BY* Y 2 ; 

Y 1 and Y 2 are 
a) -OH, 

when taken together Y 1 and Y 2 form: 
20 b) a cyclic boron ester where said chain or ring 

contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N, S, 
or 0; 
Y 3 and Y 4 are -OH; 
25 R 1 is 

a) Cl-C12-alkyl is optionally substituted with 
-C(NH)NHR S , -NHC(NH)H, -NHC (NH) NHR 6 , -0NHR6, or 
-ONHC(=NH)NHR 6 ; 
b) 
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X is 

a) -CN, 

c) -NH2 

d) -NHC(NH)H, 

10 e) -NHCtNHjNHRG, 

f) -C(NH)NHR6, 

g) -C(0)NHR2 # 

h) -CO2R 2 . 

i) -OR 2 , or 

15 j) -NHC(=NR6)H; 

Y is =0; 

and all other substituents are as defined above. 

Specifically preferred compounds of this invention 
20 are the following: 
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AC - (D)Phe-Pro r NH-CH[(CH 2 )< S CN] B0 2 -C 1 oHi6 

AC - (D) Phe-Pro-NHCH I (CH 3 ) «C (NH)NH 2 1 BO 2 -Ci 0 Hi 6 

AC- (D) Phe- Pro-HHCH [ (CH 2 ) 3 -NHC (NH) H) B (OH) 2 

BOC-(D)Phe-PrO-NHCHt(CH2)3-NHC(NH)H]B(OH)2. 

Ac- (D)Phe-Pro-boroPhe[in-C(NH)NH2] "CioHie 

Ac- (D)Phe-Pro-boroPhe(ffl-CH2NH2) -CioHie 

Ac- (D)Phe-Pro-boroPhe(m-Br) -C10H16 

Ac- (D)Phe-Pro-boroPhe(p-CN) -C10H16 

boc- (D)Phe-Pro-boroPhe(m-CN) -C10H16 

Ac- (D)Phe-Pro-boroArg(CN) -C10H16 

N,N- (CH 3 ) 2 - (D)Phe-Pro-boroPhe(m-CN) -OH°HCl 

Ac- (D)Phe-Pro-boroPhe(m-CN) -OHoHCl 

Ms- (D)Phe-Pro.boroPhe(m-CN) -OHoHCl 

Boc- (D)Thiazolylalanine-Pro-boroPhe(m-CN) -C10H16 

Boc- ( D )3-Pyridylalanine-Pro-boroPhe(m-CN) -C10H16 

Ms- (D)3-Pyridylalanine-Pro-boroPhe(m-CN) -C10H16 

Boc- (D) 2-Pyridylalanine-Pro-boroPhe(m-CN) -C10H16 

Boc- < D )2-Thienylalanine-Pro-boroPhe(m-CN) -C10H16 

Ms- ( D )2-Thienylalanine-Pro-boroPbe(m-CN) -C10H16 

Boc- (D) Phe- Aze-boroPhe (m-CN) C10H16 

H ydrocinnamoyl-Pro-boroirg(CH3) -OH°HBr 

Ac- (D)Pbe-Pro-boroArg(CH 3 ) -0H°HC1 

PhCH 2 S0 2 - (D)Phe-Pro-boroOrn(CH=NH) -OHoHCl 

CH3CH2CH2S02- (D) Phe - Pro - boroOra ( CH=NH) -OH°HCl 

GH3CH2CH2SO2- (D)Phe-Pro-boroArg(CH3) -OHoHCl 

Ac- (D) Phe-sar-boroom (CH=nh) -OHoHCl 

Boc- (D) Phe-Sar-boroPhe (mCN) -C10H16 

boc- (D)Phe-Aze-boroOm(CH=NH) -OHoHCl 

4- ( Phenyl ) benzoyl - boroOm ( CH=NH) -Ci 0 Hi6°HCl 

Ac- ( D )Phe-Prp-boroOrn(CH=>m) ] -Ci 0 Hi6°HCl 

Boc- Pro-boroorn (CH=NH) - C10H16 °HC1 

Boc- (D )Phe-Pro-boroOrn(CH=HH)] -CioHis-0.5 HCloO.5 

BSA 

H-tDjPhe-Pro-boroOrntCH^l-CioHie^O.S HCloQ.5 BSA 
H-(D)Phe-Pro-boroOm(CH=NH)]-OHo0.65 HCloO.35 BSA 
H-boroPhe(mCN) -CioHi6°HCl 
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Ac- (D) Phe-Pro-boroPhe- (m-CN) -C 10 H 16 
H- (D)Phe-Pro-boroPhe- On-CN) -C 10 H 16 . H C1 
H- (D)Phe-Pro-boroPhe- <m-CN) -oh.hci 
s • "•"•'« )2 - (D , Ph e.p r o. boro p he . (a . CN) . oa . Hcl usoher 



10 



15 



20 



25 



30 



35 . 



N CH 3 < D >^e-Pro-boroPhe-( m -cN)-c 10 H 16 .HCl 
H-Pro-boroPhe-^-^-CaoH^.HCl 

«s- to^azolylalanine-Pro-boroPhe- („.<*, - Cl ^,. * 
»-B°c-K-CH 3 . to.Pbe-Pro-boroPbe- 10H " 
Ao-Pro-boroPhe-ta-CHJ-doHic " 

^-^aianine-Pro-bor^. (n ^ Cioai6 

H- (D)2-Thieaylalanine-pro-b«T-«t»,« / 

U-Pyr^tMCacetW-Pro-^^. 
trans- 3- "-Pyridrt,.^.^.^ « 

^l t M. ) ac.t yl . Pro . 1 „ roffi6 . ™ C ° H « 

Succin yl - (D) p he .p ro . borophe . (a . cB) ^ C ^0H 16 

3-Pyr.dylpropioayl-Pro -boroPhe- (m-CH, -c 10 H ls 

Boc-(D)Phe-Aze-boroPhe- (1 „-a„-c 10 H, 6 

H- (D) Phe-A.e-boroPhe-- ta-a,, -c a „H 16 .HCl ' 

fiC! lnMnoyl " pro " boro0rn(CH = HB » o ''-^ 

^«--«-»»-ta*.<« W K» l) -0„. HBr 

^drocrmuu.oyl- ProboroGly Ha*, 4 ... Acetyl, c^c 

^;'w«»-'»-*»ro I « (aj3) . Cl0Hls . HBr yl)c " H " 

Ac-(D)Phe.pro-borolr3(CH 3 ).OH . HBr 

Ac- to) Mie-Prp-boroArgCCHj) -oh . HC1 
Bydrocimamoyl-pro-bo^^,^,^ , 

Ms-(D)Ph e -Pr 0 -b c ,ro»r 9 (CH3)-OH. HC1 " ' 
M S -to)Phe-Pr 0 -boroOra(CH=.lIH)-OH • HC1 
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PhS0 2 -(D)Phe-Pro-boroArg(CH3>-OH • HCl 
PhS0 2 -(D)Phe-Pro-boroOm(CH-NH)-OH - HCl 
MB-(D)Phe(«-fluoro)-Pro-boroOm(CH-NH)-OH » HCl 
PhCH 2 S02-(D)Pbe-Pro-boroArg(CH 3 )-OH «► HCl 
PhCH 2 S02-(D)Phe-Pro-boroOm(CH-NH>-OH * HCl 
CH 3 CH2CH2S02-(D)Phe-Pro-boroOm(CH=NH)-OH • HCl 
CH 3 CH2CH2S02-(D)Phe-Pro-boroArg(CH3)-OH • HCl 
CH 3 (CH2)3S02-(D)Phe-Pro-boroArg(CH3)-OH • HCl 
GH 3 (CH2) 3 S0 2 -(D)Phe-Pro-boroOm(CH= N H)-OH • HCl 

Z- ( D )Pbe-Pro-boroOrn(CH=NH) -OHoHCl 
Boc- (D)Phe-Pro-boroGiyt(CH2) 3 -ONH2] -GH-HCl 
o PhCH 2 S0 2 - (D)Phe-Pro-boroGlyl(CH 2 ) 3 -ONH 2 l -C 10 Hi 6 -HCl 
O f o boc- ( D )Phe-Pro-boroGly[ (CH 2 ) 3 -ONHC(=NH)NH2) - 

Cl0Hl6*HCl 

15 . B oc-(D)Phe-Pro-boroOrn-lC(NCN)NHCH 3 ]-CioHi6 

o H00CCH2- (D) Phe-PrO-boroOm[C(NCN)NHCH 3 ] -C10H16-HC1 
Boc- (D)Phe-Pro-boroOrnlC(NCN)SCH 3 ) -CioHis 
Boc- (D) phe-Pro-boroOrn(CONH 2 ) -C10H16 
H- (D) Phe-Pro-boroOrn(CONH 2 ) -CioHis'HCl 
20 o p hC H2S02-(D)Phe-Pro-boroOrn(CONH2)-CioHi6 

HOOCCH2- (D)Pbe-Pro-boroOm(CONH 2 ) -C10H16-HC1 
Boc- (D) phe-Pro-boroOrn(COCH20H) -C10H16 
Boc- (D) phe-Pro-boroOm(N-Methanesulf onyl) -C10H16 
H- (D) phe-Pro-boroOm(N-Methanesulfonyl) - CioHis-M 
^ 25 .. 4 -( N - A cetyl)Anilinesulfonyl-(D)Phe-Pro-boroOm( N - 

Methariesulfonyl) -C10H16 
Metbanesulfonyl- (D)Phe-Pro-boroOm(N- 
Methanesulfonyl) -C10H16 
N>N -diiaethyl- (D) Pne-Pro-boroOm- <N- 
Methanesulfonyl) -C10H16 "HCl 

A c-Gly- (D)Phe-Pro-boroOrn(N-Methanesulfonyl) -C X0 Hi6 
o H0OCCH2- (D)Phe-Pro-boroOm(H-Methanesulfonyl) - 
C10H16-HC1 

o PhCH 2 S02- (D) Phe-Pro-boroOm(N- M ethanesulf onyl) - 

3 5 C10H16 , „ „ 

o boc- (D) Phe-Pro-boroGly t (CH 2 ) 3-OCH 2 CH 3 ] -CiflHis 



O 
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' Boc- (D)Phe-Pro-boroGlyf (CH 2 ) 3 -c»] -c I0 H I6 

• B °c-(D,Phe-Pro-boroOrx 1 (COCH3)-C 10 H 16 
Ac- (D) Phe-Pro-NH-CHrrw-> t A * • 

Ci 0 H 16 CHICH2U - aniln o-cyclohexyl)]B0 2 - 

5 ' ^-^Phe-Pro-NH-CH^f^-amino ~ 

C 10 H 16 aa,ino -cyclohexyl)]Bo 2 - 

• BOC - (D)Phe -^o-NH-CH[4-ainino-cyclohexyllBO, r » 

" ' Boc -WPhe-Pro- N H-CH[CH 2 (4- g uan i dino- 
cyclohexyl ) J B0 2 - Ci 0 Hi 6 

boc- {D ) Phe-Pro- (j?) p he (inCN) -OMe 

Boc- ( D ) Phe-Pro- <<?) Phe (mCN) - OMe # 
Boc - Pro - (S) Phe (juCN) - OMe 
15 . boc - Pro - Phe (mCN) - OH 

Boc - Pro - Phe (jbcn) - n (Me) - OMe 

Boc - Pro - Phe (jaCN) - C (OEt ) =CH 2 

H- (D) Phe-Pro-boroPhe (iBCoOMe) -C I0 H 16 . H C1 

H- (D) Phe-Pro-Phe (jnCN) -C(0)H 
H- (D)Phe-Pro-Phe(inCN) -C(0)OEt 

H- (D) Phe-Pro - Phe (men) - c ( 0 ) oh m 
H- (D) Phe-Pro-Phe (mat) - C (o) NH 2 ^ 
H- (D) Phe-Pro-Phe (inCN) -c (0) NHCH 3 
H- (D) Phe-Pro-Phe (mdi) -c (0) C (0) OEt 
H- (D) Phe - Pro - Phe (mCN) - C (0) - (oxazolin-2-yi) 

h" !^f- Pr °- Phe( ^ -^0), (benzoxazolin-2- yl) 
H- (D) Phe-Pro-Phe (mat) -c (0) CH 2 F 

H- (D)Phe-Pro-Phe(inCN) -C(0)CH 2 Br 
H- (D) Phe - Pro- Phe (man) - c (o) CH 2 ci 
H- (D) Phe-Pro-Phe (jucn) -C(o)cf 3 
H- (D) Phe-Pro-Phe (jucnJ -c(0) chf 2 
Ac- (D) Phe-Pro-Phe (inCN) - C (o)h 
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o ac- (D)Phe-Pro-.Phe(jnCN) -C(0)OEt 
Ac- (D)Phe-Pro-Phe(mCN) -C(0)OH 
Ac- (D)Phe-Pro-Phe(mCN) -C(0)NH 2 
Ac- (D)Phe-Pro-Phe(mCN) -C(0)NHCH 3 
5 o Ac-(D)Phe-Pro-Phe(jnCN)-C(0)C(0)bEt 

Ac-(D)Phe-Pro-phe(n>CN)-C(0) - (oxazolin-2-yl) 
Ac- (D)Phe-Pro-Phe(fflCN) -C(O) - (benzoxazolin-2-yl) 
Ac - (D) Phe- Pro - Phe ( mCN) - C (O) CH 2 F 
Ac- (D)Phe-Pro-Phe(raCN) -C(0)CH 2 Br 

10 ° Ac- (D) Phe-Pro-Phe (mCN) -C (O) CH 2 C1 

Ac- (D) Phe- Pro- Phe (mCN) - C (O) CF 3 

Ac - (D) Phe- Pro- Phe ( jnCN) - C (O) CHF 2 
A 5 ' 0 ac- (D)Phe-Pro-NH-CT[CT2 (4-amino-cyclohexyl)) -C(0)H 

^ o Ac - ( D )Phe-Pro-ira-CT[CH2 (4-amino-cyclohexyl) ] - 

15 C (0) OEt 

Ac- (D)Phe-ProrNH-CH[ai2 (4-amino-cyclohexyl)] -C(0)0H 

Ac- (D)Phe-Pro-NH-CH[CH2 (4-amino-cyclohexyl) ) - 
C (O) NH 2 

Ac - ( D ) Phe - Pro-NH- CH [CH2 ( 4 * amino - eye lohexyl ) ] - 

20 C(0)NHCH 3 

Ac- (D)Phe-Pro-NH-CH[CH2 (4-amino-cyclohexyl) ] - 

C (O) C (0) OEt 

Ac- (D)Phe-Pro-NH-CH[CH2 (4- amino- eye lohexyl) ) -C(O) - 
(oxazolin-2-yl) 

25 o Ac-(D)Phe-Pro-NH-CH[CH2(4-amino-cyclohexyl)]-C(0) - 

O (benzoxazolin-2-yl) 

Ac- (D)Phe-Pro-NH-CH[CH2 (4 -amino- cyclohexyl) ] - 

C<0)CH 2 F 

Ac- (D) phe-Pro-NH-CH[CH2 (4-amino-cyclohexyl) ] - 

30 C(0)CH 2 Br 

Ac- (D) Phe-Pro-NH-CH[CH2 (4-amino-cyclohexyl) ] - 

C(0)CH 2 C1 

Ac- (D) phe-Pro-NH-CH[CH2 (4-amino-cyclohexyl) ] - 
C (0) CF 3 

Ac- (D)Phe-Pro-NH-CH[CH2 (4-amino-cyclohexyl) ] - 

C(0)CHF 2 



35 
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25 



Boc- (D)Phe-Pro-NH-CHr(CH 2 )3-ONH2] -C(0)H 
Boc- (D)Phe-Pro-NH-CH[(CH 2 )3-0NH2] -C(0)OEt 
Boc- (D)Phe-Pro-NH-CHt(CH2)3-ONH2] -C(0)OH 
Boc-(D)Phe-Pro-NH-CH[(CH2)3-ONH2J-C(0)NH 2 
5 - Boc -WPhe-Pro-NH-C3 I [(CH2)3-0 N H 2 J-C(0) N HCH3 

Boc - (D) Phe- Pro-NH-CH [ (CH 2 ) 3 -ONH 2 ] -C (0) C (0) OEt 
• Boc- <D)Phe-Pro-NH-CHt(CH2)3-0 N H2] -C(0) - (oxazolin-2- 

yi) 

Boc- (D)Phe-Pro-NH-Oli(CH2)3-ONH2] -C(0) - 
10 (benzoxazolin-2-yl) 

BOC-(D)Phe-Pro-NH-C3 I [(CH2)3-ONH2)-C(0)CH 2 P 
Boc- (D)Phe-Pro-NH-CHr{CH2)3-ONH2J -C(0)CH 2 Br 
Boc-(D)Phe-Pro-NH-CH[(CH2)3-ONH2]-C(0)CH 2 Cl 6 
Boc- (D) Phe-Pro-NH-CH f (CH 2 ) 3 -0NH 2 ] - C (O) CP 3 
BOC- (D) Phe-Pro-NH-CH [ (CH 2 ) 3 -OKH 2 ] -C (0) CHF 2 

BOC- (D)Phe-Pro-NH-CHt{CH2)3-0 N HC(=NH) N H 2 j -c(0)H 
BOC- (D) Phe- Pro-NH-CH [ (CH 2 ) 3 -0NHC (*=NH) NH 2 ] - C (0) OEt 

Boc- (D)Phe-Pro-NH-CH[(CH2)3-0 N HC(= N H) N H2] -C(0)0H 
BOC- (D)Phe-Pro-NH-CH[(CH 2 )3-0 M HC(-NH,NH2] -C(0)NH 2 
Boc- (D) Phe-Pro-NH-CH [ (CH 2 ) 3-0NHC(=NH)NH 2 ] C(0)NHCH3 

BOC- (D)Phe-Pro-NH-CHt(CH 2 )3-ONHC(=NH)NH 2 J - 
C(0)C(0)0Et 

BOC- (D) Phe- Pro-NH-CH t (CH 2 ) 3 - ONHC (=NH) NH 2 J - C (O) - 
(oxazolin- 2 -yi) 
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BOC- (D)Phe-Pro-NH-CH[(CH 2 )3-o N HC(= N H) N H 2 3 . c(0) . 
(benzoxazolin - 2 - yl) 

BOC- (D)Phe-Pro-NH-CH[(CH2)3-0 N HC(=NH)NH 2] -C(0)CH 2 F 
Boc- (D) Phe-Pro-NH-CH [ (CH 2 ) 3-ONHC ( e NH)NH 2 ] -C (0) CH 2 Br 
' BOC- (D)Phe-Pro-NH-CH[(CH 2 )3-ONHC(=NH)NH 2 j - C (0)CH 2 C1 
- Boc -< D >^e-Pro-NH-CH[(CH 2 )3-ONHC(=NH)NH 2] .C(0)CF 3 
• BOC -< D >^e-Pro-NH-CHt(CH 2 )3-ONHC(=NH)NH 2 J-C(0)CHF 2 

This invention also provides compositions 
comprising one or more of the foregoing compounds and 
methods of using such compositions in the treatment of 
aberrant proteolysis such as thrombosis in mammals or as 



-20- 



WO 96/10499 



PCTAJS95/13702 



reagents used as anticoagulants in the processing of 
blood to plasma for diagnostic and other commercial 
purposes. 

5 nulled pe^rlntion invention 

As used throughout the specifications, the 
following abbreviations for amino acid residues or amino 

acids apply: 

= L- alanine 

Ala «= . 

10 Arg = L-arginine 

Asn = L-asparagine 

L-aspartic acid 

ASP 

azedine-2-carboxlic acid 

Aze = 

Cys = L- cysteine 

15 Gin = L-glutamine 

= L- glutamic acid 

Gly = glycine 

His , L-histidine 

HomoLys = L-homolysine 

20 lie « L-isoleucine 

isothiouronium analog of L-Arg 

Irg = 

Leu = L- leucine 

Lys « L- lysine 

Met = L-methionine 

25 om = L-omithine 

phe m l- phenylalanine 

Pro = L-proline 

Ser = L- serine 

Thr = l- threonine 
30 rrp = L- tryptophan 

Tyr = L-tyrosine 

val = L-valine 

sar = L-sarcosine 

Phe(4-fluoro)= pa ra-fluorophenylalanine 

35 
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_ The •». pre£ix for the foregoin9 ^ levi 

T,:°:^ ,Bino acld is 111 the »-~a™r 

D IT" °" " P ™ in fixture of the 

the L-configuracion. The prefix -bore- indict 
5 amino acia residues where the carboxyi is HUT * 
boronic acid or a boronic acid este^ I, * * 

»' i. isoprop* and W and v> are £ the C ~," 
residue ie abbreviated -boroVai-OB- Chel !.^T^ 
indicates the boronic acid is in th« 
« acid. The pinanediox boronic a" ^ ^ ^ 

boronic acid ester are abbreviated " ^ £ ^ 

C 6 H 12 .. respective ly . Exiles of other useful diois 
or esterification with the boronic acids are 4 
1.2-ethanediol. i.3-propanedioa. 
L« 2.3-butanedioi. 1.2-uii,opropyleth M ediol 

5.6-decanediol. and i.j-aicyclohexyiethanediol The 

ZTT 7 TOt, " ied — -~ la abbreviated 

For example thp f^^-,— . , u ium-nh; . 

t (CH2) 3 -NH-CH (HH)H] B (OH) 2 } is Zr JJ^Z 

0 analogs containing sidechain suhstituents arH 

by indicating the substituent in parL^." fo"" ^ 
the name of the parent residue I £oll °""9 
Of horoPhen.Xaianine cont^ a mlta^ ^ 
-boroPhe.mo,,-. „. alKyl substrtueTts onT ^ 
sroup of boroArg- or on the isoth Suanidino 
/>™~t , tne ls °thiouronium analogs 

ttorolrg, are also put in parenthesis in a simile 
"anner. other abbreviation, are- z h» , 

— acid, -r-t^ssrtr' 

t-butoxycarbonyl- • ie- , an ' Boc-, 

™:T^l7"TlT 0a ° tha " e! ^ —"-try, 
lrms™ ™ l~Bb.rdment-.mass spectrometry 

LRMS (NH3 - CI ) and HTOS,^ -«) ■ „. l0 w and big7 

ZtTZT 8Peet — —3 as 
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The following abbreviations may also be used herein 
and are defined as follows. The abbreviation "DIBAl" 
means diisobutylaluminum hydride. The abbreviation 
-RaNi" means Raney nickel. The abbreviation "LAH" means 
5 lithium aluminum hydride. The abbreviation "l,l»-CDI" 
means 1 , 1 • - carbonyldiimidazole . The abbreviation "Bn n 
means benzyl. The abbreviation "BOC" means t-butyl 
carbamate. The abbreviation "CBZ" means benzyl 
carbamate . 

10 The compounds herein described may have asymmetric 

centers. All chiral. diastereomeric , and racemic forms 
are included in the .present invention. Many geometric 
isomers of olefins, 0=N double bonds, and the like can 
also be present in the compounds described herein, and 

15 all such stable isomers are contemplated in the present 
invention. It will be appreciated that certain 
compounds of the present invention contain an 
asymmetrically substituted carbon atom, and may be 
isolated in optically active or racemic forms. It is 

20 well known in the art how to prepare optically active 
forms , such as by resolution of racemic forms or by 
synthesis, from optically active starting materials. 
Also, it is realized that cis and trans geometric 
isomers of the compounds of the present invention are 

25 described and may be isolated as a mixture of isomers or 
as separated isomeric forms. All chiral, 
diastereomeric, racemic forms and all geometric isomeric 
forms of a structure are intended, unless the specific 
stereochemistry or isomer form is specifically 

30 indicated. 

The reactions of the synthetic methods claimed 
herein are carried out in suitable solvents which may be 
readily selected by one of skill in the art of organic 
synthesis, said suitable solvents generally being any 

35 solvent which is substantially nonreactive with the 
starting materials (reactants) , the intermediates, or 
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products at the temperatures at which the reactions are 
carried out. A given reaction may be carried out in one 
solvent or a mixture of more than one solvent. 
Depending on the particular reaction step, suitable 
5 solvents for a particular reaction step may be selected. 

When any variable (for example, r11, r12 # R 13, r i/ 
m, etc.) occurs more than one time in any constituent or 
formula for a compound, its definition on each 
occurrence is independent of its definition at every 
10 other occurrence. Thus, for example, if a group is 
shown to be substituted with 0-3 R^, then said group 
may optionally be substituted with up to three R" and 
R A1 at each occurrence is selected independently from C 
the defined list of possible R^. Also, combinations of 
substituents and/or variables are permissible only if 
such combinations result in stable compounds. By stable 
compound or stable structure it is meant herein a 
compound that is sufficiently robust to survive 
isolation to a useful degree of purity from a reaction 
mixture. Similarly, by way of example, for the group 
-C<RH) 2 -, each of the two R" substituents on C is 

independently selected from the defined list of possible 
R". 

When a bond to a substituent is shown to cross the 
bond connecting two atoms in a ring, then such ^ 
substituent may be bonded to any atom on the ring, when® 
a substituent is listed without indicating the atom via 
which such substituent is bonded to the rest of the 
compound of a given formula, then such substituent may 
be bonded via any atom in such substituent. For 
example, when the substituent is piperazinyl, 
piperidinyl, or tetrazolyl, unless specified otherwise, 
said piperazinyl, piperidinyl, tetrazolyl group may be' 
bonded to the rest of the compound of a given formula 
35 via any atom in such piperazinyl, piperidinyl, 
tetrazolyl group. 
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Combinations of substituents and/or variables are 
permissible only if such combinations result in stable 
compounds. By stable compound or stable structure it is 
meant herein a compound that is sufficiently robust to 
survive isolation to a useful degree of purity from a 
reaction mixture, and formulation into an efficacious 
therapeutic agent. 

»NH2 -blocking 9 rouD " as used herein ' refers to 
various acyl, thioacyl, alkyl, sulfonyl, phosphoryl, and 
phosphinyl groups comprised of 1 to 20 carbon atoms. 
Substitutes on these groups maybe either alkyl, aryl, 
alkylaryl which may contain the heteroatoms, O, S, and N 
as a substituent or in- chain component. A number of 
NH 2 -blocking groups are recognized by those skilled in 
the art of organic synthesis. By definition, an Un- 
blocking group may be removable or may remain 
permanently bound to the NH 2 . Examples of suitable 
groups include formyl, acetyl , benzoyl , trif luoroacetyl, 
and methoxysuccinyl; aromatic urethane protecting 
groups, such as, benzyloxycarbonyl? and aliphatic 
urethane protecting groups, such as t-butoxycarbonyl or 
adamantyloxycarbonyl. Gross and Meinhoffer, eds., The 
Peptides, vol 3; 3-88 (1981), Academic Press, New York, 
and Greene and Wuts Protective Groups in Organic 
Synthesis. 315-405 (1991). J. Wiley and Sons, Inc., New 
York disclose numerous suitable amine protecting groups 
and they are incorporated herein by reference for that 
purpose. Amine protecting groups may include, but are 
not limited to the following: 2,7 -di-t-butyl- [9- (10, 10- 
30 dioxo-l0.10,l0,10-tetrahydrothio- 
xanthyl ) ] methyloxycarbonyl ; 2 - 
trimethylsilylethyloxycarbonyl; 2- 
phenylethyloxycarbonyl ; 1,1- dimethyl -2,2- 
dibromoethyloxycarbonyl ; 1 -methyl - 1 - (4 - 
biphenylyDethyloxycarbonyl; benzyloxycarbonyl? p- 
nitrobenzyloxycarbonyl; 2-(p- 
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toluenesulf onyl) ethyloxycarbonyl , m-chloro-p- 
acyloxybenzyloxycarbonyl ; 5 - 
benzyisoxazolylmethyloxycarbonyl ; p - 
(dihydroxyboryl) benzyloxycarbonyl; m- 
5 nitrophenyloxycarbonyl; o-nitroben*yi 0 xycarbonyl • 3 5- 
dimethoxybenzyloxycarbonyl; 3, 4-dimethoxy-e- ' ' 
nitrobenzyloxycarbonyl ; N'-p- 

toluenesulf onylaminocarbonyl , t-amyloxycarbonyl- D - 

0 2.2-dlmetboxycarbonylvinyloxycarbonyl; ai, 2 . 
^riayl.^thyloxycarbonyl; 2 - furMylBetl)yl 
phthalimide, dithiasuccinimide, 2. s-ai» ethyll)yrrole f 
benzyl; 5-dibenzylsuberyl, triphenylmethyl , benzyliaene. < 
drphenylmethylene; or methanesulfonamide 

-Amino acid residues" as used herein, refers to 
natural, modified or unnatural amino aoids of either D- 
or L-configuration and means an organic compound 
containing both a basic amino group and an acidic 
carboxyl group. Natural amino acids residues are Al. 
Arg. Aen. Asp, ase.cys. Gin. Glu. Gly. His. He. Ir t 

^' Z' ^ Ph6 ' PheU " £1 — '• sar. ser. 

Thr Trp. Tyr. and Val. Roberts and Vellaccio. The 
Peptides, vol 5; 341-« 9 (lfiJ) . Acadentc preMi ^ 
^. discloses numerous suitable unnatural amino acids 
and is incorporated herein by reference for that 
purpose. Additionally, said reference describes, but 
doe. not extensively list. -acylic H-al*yl and acyclic 
O-u-dasubstituted amino acids, included in the £op e of 
the present invention are N-alkyl, aryl. and alkylarvl 
analogs o, both in chain and »,terminal amino acid 
residues, similarly, alxyl-, aryl. ^ alkyUryl 
substituted for the alpha hydrogen, illustrated be^ 
are examples of B-alxyl and alpha alxyl amino acid 
residues, respectively. 
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Me 



unnatural amino acids that fall within the scope of 
this invention are by way of example and without 
5 limitation: 2-aminobutanoic acid, 2 - aminopentanoic 
acid, 2-aminohexanoic acid, 2-aminoheptanoic acid, 2- 
aminooctanoic acid, 2-aminononanoic acid, 2- 
aminodecanoic acid, 2-aminoundecanoic acid, 2-amino-3,3- 
dimethylbutanoic acid, 2- amino- 4, 4-dimethylpentanoic 
10 acid, 2-amino-3-met,hylhexanoic acid, 2-amino-3- 

methylheptanoic acid. 2-amino-3-methyloctanoic acid, 2- 
amino-3-methylnonanoic acid, 2-amino-4-methylhexanoic 
acid, 2-amino-3-ethylpentanoic acid, 2 -amino- 3,4- 
dimethylpentanoic acid, 2-amino-3, 5-dimethylhexanoic 
15 acid, 2-amino-3,3-dimethylpentanoic acid, 2-amino-3- 
ethyl-3-methyipentanoic acid, 2 -amino -3, 3- 
diethylpentanoic acid, 2-amino-5-methylhexanoic acid, 2- 
amino-6-methylheptanoic, 2-amino-7 -methyloctanoic, 2- 
amino-2-cyclopentylacetic , 2-amino-2-cylcohexylacetic 
20 acid, 2-amino-2- (l-methylcylcohexyl) acetic acid, 2- 
amino - 2 - ( 2 - methyl - 1 -methylcylcohexyl ) acetic acid, 2 - 
amino - 2 - ( 3 - methyl - 1 -methylcylcohexyl ) acetic acid, 2 - 
amino-2-(4-methyl-l-methylcylcohexyl) acetic acid, 2- 
amino-2-(l-ethylcycplhexyl)acetic acid, 2-amino-3- 
25 (cyclohexyl) propanoic acid, 2-amino-4- 
(cyclohexyl) butanoic acid, 2 - amino- 3 - (1 - 
adamantyl) propanoic acid, 2-amino-3-butenoic acid, 2- 
amino-3-methyl-3-butenoic acid, 2 -aminos -pent enoic 
acid, 2-amino-4-hexenoic acid, 2-amino-5-heptenoic acid, 
2-amino-4-methyl-4-hexenoic acid, 2-amino-5-methyl-4- 
hexenoic acid, 2-amino-4-methy-5-hexenoic acid, 2-amino- 



30 



-27- 



WO 96/12499 



PCI7US95/13702 



35 



6-heptenoic acid, 2-amino-3 3 i-t-rimon,..i , 

° ■»'■*»« trin »ethyl-4-pentenoic 
acid. 2-amino-4-chloro-4-pentenoic, 2-amino-4,4- 
dichloro-3-butenoic acid, 2-amino-3- (2- 

methylenecyclopropyl) -propanoic acid, 2-amino-2- (2- 
5 cyclopentenyl) acetic acid, 2-amino-2- 

(cyclohexenyl) acetic acid, 2-amino-3- (2- 
cyclopentenyl) propanoic acid, 2-amino-3- (3- 
cyclopentenyl) propanoic acid, 2-amino-3- (i- 
cyclohexyl) propanoic acid, 2 -amino-2 - (i - 
10 cyclopentenyl) acetic acid, 2-amino-2 - <i- 
cylcohexyl) acetic acid, 2-amino-2- (l- 
cylcoheptenyl) acetic acid, 2-amino-2- (1- 
cyclooctenyl) acetic acid, 2-amino-3- (i- 
cycloheptenyl) propanoic acid, 2 -amino- 3 - (1 4- 
15 cyclohexadienyl)propanoic acid, 2-amino-3- (2 5- 
cyclohexadienyl) propanoic acid, 2-amino-2- (7 - 
cycloheptatrienyl) acetic acid, 2-amino-4, 5-hexadienoic 
acid 2-amino-3-butynoic acid, 2 -amino-4-pentyoic acid 
2-amino-4-hexynoic acid, 2- am ino-4-hepten-6-ynoic acid 
2-anano-3-fluoropropanoic acid, 2-amino-3 3 3- 
trifiuoropropanoic acid, 2-axnino-3-f luorobutanoic acid 
^amino-3-fluoropentanoic acid, 2-a J uino-3-f luorohexano^c 
acid, 2-amino-3,3-difluorobutanoic acid, 2-amino-3 3- 
do.fluoro-3-phenylpropanoic acid, 2-amino-3- 
25 perfluoroethylpropanoic acid, 2-amino-3- 

perfluoropropylpropanoic acid, 2-amino-3-f luoro-3- 

methylbutanoic acid, 2-amino-5 5 s-hHfi., 

■ ammo 5.5,5 trxf luoropentanoic 

acid, 2-a m xno-3-metbyl- 4 ,4,4-trifluorobutanoic acid 2- 
a n ano-3-trifluoromethyl-4,4,4-trifluorobutanoic acid 2 
-ino-S^^^^.S-heptafltaoropentanoic acid, 2-a*ino-3- 
methyl-5-fluoropentanoic acid, 2-amino-3-methyl-4- 
f luoropentanoic acid, 2-amino-S, 5-difluorohexanoic acid 
2-anano-4-(fi U oro m etbyl,-5-fluoropentanoic acid 2- 

amino-4-trifluoron,etbyl- 5 ,5,5-trifiuoropentanoi;acid 
2-ainxno-3-fluoro-3- m ethylbutanoic acid. 2-amino-3- ' 
fluoro-3-phenylpentanoic acid, 2-amino-2- (1- 
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fluorocyclopentyl) acetic acid, 2-amino-2- li- 
quor ocyclohexyl) acetic acid, 2-amino-3-chloropropanoic 
acid acid, 2-amino-3-chlorobutanoic acid acid, 2-amino- 
4,4-dichlorobutanoic acid acid, 2 -amino -4, 4, 4- 
5 trichlorobutanoic- acid, 2-amino-3,4,4-trichlorobutanoic 
acid, 2-amino-6-chlorohexanoic acid, 2-amino-4- 
broxnobutanoic acid, 2-amino-3-bromobutanoic acid, 2- 
amino-3-mercaptobutanoic acid, 2 -amino- 4- 
mercaptobutanoic acid, 2 - amino - 3 - mercapto -3,3- 
10 dimethylpropanoic acid, 2 -amino- 3 -mercapto- 3- 

methylpentanoic acid, 2-amino-3-mercaptopentanoic acid, 
2-amino-3-mercapto-4-methylpentanoic acid, 2-amino-3- 
methyl-4-mercaptopentanoic acid, 2 -amino- 5 -mercapto- 5- 
methylhexanoic acid, 2 -amino- 2- (1- 
15 mercaptocyclobutyl) acetic acid, 2 -amino- 2 - ( 1 - 
mercaptocyclopentyl) acetic acid, 2 - amino - 2 - ( 1 - 
mercaptocyclohexyl) acetic acid, 2 -amino- 5 - 
(metnylthio)pentanoic acid, 2 -amino- 6 - 
(methyl thio)hexanoic acid, 2-amino-4-methylthio-3- 
20 phenylbutanoic acid, 2-amino-5-ethylthio-5- 

methylpentanoic acid, 2-amino-5-ethylthio-3,5,5- 
trimethylpentanoic acid, 2-amino-5-ethylthio-5- 
phenylpentanoic acid, 2-amino- 5-ethylthio-5-pentanoic 
acid, 2-amino-5-butylthio-5-methylpentanoic acid, 2- 
25 amino-5-butyltnio-3,5,5-trimethylpentanoic acid, 2- 
amino-5-butyltnio-5-pbenylpentanoic acid, 2 -amino- 5- 
(butylthio) pentanoic acid. 2 -amino- 3 -methyl -4- 
hydroselenopentanoic acid, 2-amino- 4- 

methylselenobutanoic acid, 2-amino-4-ethylselenobutanoic 
30 acid, 2-amino-4-benzylselenobutanoic acid, 2-amino-3- 
methyl-4- (methylseleno)butanoic acid, 2 -amino- 3- 
(aminomethylseleno) propanoic acid, 2-amino-3- (3- 
aminopropylseleno) propanoic acid, 2 -amino- 4- 
methyltellurobutanoic acid , 2 - amino - 4 - hydroxybut anoic 
35 acid, 2-amino-4-hydro3cyhexanoic acid, 2 -amino- 3- 

hydroxypentanoic acid, 2-amino-3-hydroxyhexanoic acid, 
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2^amino-3inethyl-4-hydroxybutanoic acid, 2-amino-3- 
hydroxy-3-methylbutanoic acid, 2-amino- 6-hydroxyhexanoic 
acid, 2-amino-4-hydroxyhexanoic acid, 2 -amino- 3 -hydroxy - 
4 -methylpentanoic acid, 2 -amino- 3 -hydroxy- 3 - 
5 methylpentanoic acid, 2 -amino- 4 -hydroxy- 3, 3. 
dimethylbutanoic acid, 2-amino-3-hyroxy-4 - 
methylpentanoic acid, 2-amino-3-hydroybutanedioic acid 
2-amino-3-hydroxy-3-phenyl-propanoic acid, 2-amino-3- ' 
hydroxy-3-(4-nitrophenyl) P ropanoic acid, 2-amino-3- 
10 hydroxy-3-(3-pyridyl)propanoic acid, 2-amino-2- (1- 
hydroxycyclopropyl) acetic acid, 2-amino-3- (1- 
hydroxycyclohexyl) propanoic acid, 2 -amino- 3 -hydroxy- 3- 
Phenylpropanoic acid, 2 -amino- 3 -hydroxy- 3 - [3 -bis (2- • 
chloroethyDaminophenyl] propanoic acid, 2-amino-3- 
15 ^roxy-3-(3,4-dihydroxyphenyl)propanoic acid, 2-amino- 
3-hydroxy-3-(3,4-methylehedioxyphenyl)pro P anoic acid 2- 
amino-4-fluoro-3-hydroxybutanoic acid, 2-amino-4 4 4- 
trxchloro-3-hydroxybutanoic acid, 2 -amino- 3 -hydroxy- 4- 
hexynoic acid, 2-amino-3,4-dihydroxybutanoic acid 2- 
20 amino-3 f 4,5,6-tetrahydroxyhexanoic acid, 2-amino-4 5- 
dxhydroxy- 3 -methylpentanoic acid, 2-amino-5,6- ' 
dihydroxyhexanoic acid, 2 -amino- 5 -hydroxy- 4 - 
(hydroxymethyl)pentanoic acid, 2-amino-4, 5-dihydroxy-4- 
(hydroxymethyl)pentanoic acid, 2 -amino- 3 -hydroxy- 5- 
25 benzyloxypentanoic acid. 2 -amino- 3- (2- * ~ Q 

aminoethoxy) propanoic acid, 2 -amino-4- (2- * 
aminoethoxyjbutanoic acid, 2-amino-4-oxobutanoic acid 
2-amxno-3-oxobutanoic acid, 2 -amino- 4 -methyl- 3- 
oxopentanoic acid, 2-amino-3-phenyl-3-oxopropanoic acid 
>0 2-amxno-4-phenyl-3-oxobutanoic acid, 2 -amino- 3 -methyl -4 
oxopentanoic acid, 2-aminb-4-oxo-4- (4- 
hydroxyphenyl)butanoic acid, 2-amino-4-oxo-4- (2- 
furyDbutanoic acid, 2-amino-4-oxo-4- (2- 
nitrophenyl,butanoic acid, 2 -amino-4 -0x0-4- (2-amino-4- 
chlorophenyl)butanoic acid; 2 -amino- 3- (4-oxo-l- 
cyclohexenyl) propanoic acid, 2 -amino- 3 r (4- 
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oxocyclohexanyl) propanoic acid. 2-amino-3- ^.S-dimethyl- 
a.e-dioxo-l.a-cyclohexadienylJpropanoic acid, 2-amino-3- 

( I - hydroxy- 5 -methyl -7 - oxo - cyclohepta -1,3.5- trien - 2 - 
yDpropanoic acid. 2-amino-3- (l-hydroxy-7 -oxo- 
5 cyclohepta- 1,3. 5 -trien- 3 -yDpropanoic acid. 2-amino-3- 

(l-hydroxy-7-oxo-cyclohepta-l,3.5-trien-6-yl)propanoic 

acid, 2-amino-4-methoxy-3-butenoic acid. 2-amino-«- (2- 
aminoethoxy)-3-butenoic acid, 2-amino-4- (2-amino-3- 
hydroxypropyl)-3-butenoic acid, 2-amino-2- (4-methoxy- 
10 1. 4 -cyclohexadienyl) acetic acid, 2-amino-3,3- 

diethoxypropanoic acid. 2-amino-4.4-dimethylbutanoic 
acid. 2-amino-2-(2.3-epoxycyclohexyl)acetic acid. 2- 
amino-3-(2,3-epoxycyclohexy)propanoic acid. 2-amino-8- 
oxo-9.10-epoxydecanoic acid, 2 -amino- propanediol c acid, 
15 2-amino-3-methylbutanedioic acid, 2 -amino- 3,3 - 

dimethylbutanedioic acid, 2-amino-4-methylpentanedioic 
acid. 2-amino-3-methylpentanedioic acid. 2-amino-3- 
phenylpentanedioic acid, 2-amino-3-hydroxypentanedioic 
acid. 2-amino-3-carboxypentanedioic acid, 2-amino-4- 
20 ethyipentanedioic. acid, 2-amino-4-propylpentanedioic 
acid, 2-amino-4-isoamylpentanedioic acid, 2-amino-4- 
phenylpentanedioic acid, 2-amino-hexanedioic acid, 2- 
amino-heptanedioic acid, 2-amino-decanedioic acid, 2- 
amino-octanedioic acid, 2-amino-dodecanedioic acid, 2^ 
25 amino-3-methylenebutanedioic acid, 2-amino-4- 

methylenepentanedioic acid, 2-amino-3 -f luorobutanedioic 
acid, 2-amino--ft-fluoropentanedioic acid, 2-amino-3,3- 
difluorobutanedioic acid, 2-amino-3-chloropentanedioic 
acid 2-amino-3-hydroxybutanedioic acid, 2-amino-4- 
30 hydroxypentanedioic acid, 2 -amino- 4 -hydroxyhexanedioic 
acid, 2-amino-3,4-dihydroxypentanedioic acid, 2-amino-3 
(3-hydroxypropyl)butanedioic acid, 2 -amino-3-(l- carboxy 
4-hydroxy-2-cyclodienyl)propanoic acid, 2-amino-3- 
(aceto)butanedioic- acid, 2-amino-3-cyanobutanedioic 
35 acid, 2-amino-3-(2-carboxy-6-oxo-6H-pyranyl)propanoic 
acid, 2-amino-3-caxboxybutanedioic acid, 2-amino-4- 
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carboxypentanedioic acid, 3-amido- 2 -amino- 3- 
hydroxypropanoic acid, 3-amido -2 -amino- 3 -methylpropanoic 
acid, 3-amido-2-amino-3-phenylpropanoic acid, 3-amido- 
2,3-diaminopropanoic acid, 3-amido-2-amino-3- [n- (4- 
5 hydroxyphenyl) amino] propanoic acid, 2, 3-diaminopropanoic ' 
acxd, 2,3-diaminobutanoic acid, 2 , 4 - diaminobutanoic 
acid, 2,4-diamino-3-metriylbutanoic acid, 2, 4 -diamine- 3 - 
Phenylbutanoic acid, 2-amino-3 - (methylamino)butanoic 
acid, 2,5-diamino-3-methyipentanoic acid, 2,7- 
10 diaminoheptanoic acid, 2, 4-diaminoheptanoic'acid, 2- 
amino-2-(2-piperidyl)acetic acid. 2-amino-2- (1- 
aminocyclohexyl) acetic acid, 2 . 3 -diamino-3 - , 
phenylpropanoic acid, 2, 3 -diamino-3 - (4- # 
hydroxyphenyl) propanoic acid, 2, 3 -diamino-3- (4- 
methoxyphenyl)pro P anoic acid, 2, 3 -diamine- 3- [4- (N N- - 
dimethyamino) phenyl] propanoic acid, 2, 3 -diamino-3- (3 4- 
dimethoxyphenyl) propanoic acid, 2,3-diamino-3- (3 4- ' 
methylenedioxyphenyl) propanoic acid, 2.3-diamino-3- (4- 
hydroxy- 3 -methoxyphenyl) propanoic acid. 2, 3-diamino-3- 
20 (2-phenylethyl) propanoic acid, 2, 3 -diamino-3 - 

propylpropanoic acid, 2,6-diamino-4-hexenoic acid, 2 5- 
diamino-4-fluoropentanoic acid, 2, 6-diamino-5- 
fluorohexanoic acid, 2, 6^diamino-4-hexynoic acid, 2 6- 
diamino-S.S-difluorohexanoic acid, 2,6-diamino-5 5- 
dimethylhexanoic acid. 2.5-diamino-3 -hydxoxypentanoic d 
acid, 2, 6 -diamino-3-hydroxyhexanoic acid. 2. 5-diamino-4- ' 
hydroxypentanoic acid, 2. 6-diamino-4 -hydroxyhexanoic 
acid, 2,6-diamino-4-oxohexanoic acid, 2,7- 
diaminooctanedioic acid, 2, 6-diamino-3-carboxyhexanoic 
acxd, 2,5-diamino-4-carboxypentanoic acid, 2-amino-4- [2- 
(N,N.-dieth y iamino)ethyl]pentandioic acid, 2-amino-4- 
(N,N'-diethylamino)pentandioic acid, 2-amino-4- ( N - 
morpholino/pentandioic acid- 2-amino-4- [n,n- -bis<2- 
chloroethyl)amino]pentandioic acid, 2-amino-4- [N N- - 
bis(2-h y droxyetbyl)amino]pentandioic acid, 2,3,5- 
triaminopentanoic acid, 2 -amino- 3- [N- (2- 
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aminethyl) amino] propanoic acid, 2 -amino- 3- [ <2- 
aminoethyl) seleno] propanoic acid, 2 -amino- 3- t (2- 
aminoethyl) thiol propanoic acid, 2 -amino- 4- 
aminooxybutanoic acid, 2-amino-5-hydroxyaminopentanoic 
acid, 2-amino-5- IN- (5-nitro-2- 

pyrimidinyl) amino] pentanoic acid, 2-amino-4- [ (7 -nitro- 
2,i,3-benzoxadiazo.l-4-yl)aiuino]butanoic acid, 2-amino-3- 
g^xanidinopropanoic acid, 2-amino-3-guanidinobutanoic 
acid, 2-amino-4-guanidobutanoic acid, 2-amino-6- 
guanidohexanoic acid, 2-amino-6-ureidohexanoic acid, 2- 
amino -3- (2- iminoimidazolin-4-yl) propanoic acid, 2-amino- 

2- (2-iminohexahydropyrimidin-4-yl)acetic acid, 2-amino- 

3- (2-iminohexahydropyrimidiny-4-yl)propanoic acid, 2- 
amino-4-fluoro-5-guanidopentanoic acid, 2-amino-4- 

15 hydroxy- 5 -guanidopentanoic acid, 2-amino-4- 

guanidooxybutanoic acid, 2-amino- 6 - amidinohexanoic acid, 
2 -amino- 5 - (N-acetimidbylamino) pentanoic acid, 1- 
aminocyclopropanecarboxylic acid, 1 -amino- 2- 
ethylcyclpropanecarboxylic acid, 1- 
aminocyclopentanecarboxylic acid, 1- 
aminocyclopentanecarboxylic acid, l -amino- 2, 2,5,5 - 
tetramethyl-cyclohexanecarboxylic acid, 1- 
aminocycloheptanecarboxylic acid, 1 - 
aminocyclononanecarboxylic acid, 2-aminoindan-2- 
carboxylic acid> 2-aminonorbornane-2-carboxylic acid, 2- 
aniiJio-3-phenylhbrbornane-2-carboxylic acid, 3- 
aminotetrabydrothiophene-3-carboxylic acid, l-amino-l,3- 
cyclohexanedicarboxylic acid, 3-aminopyrrolidine-3- 
carboxylic acid, i,4-diaminocyclohexanecarboxylic acid, 
6 - alkoxy- 3 - amino -1,2,3,4- tetrabydrocarbazole - 3 - 
carboxylic acid , 2 - aminobenzobicyclo [2 , 2 , 2 ] oct ane - 2 - 
carboxylic acid, 2-aminoindan- 2 -carboxylic acid. 1- 
amino - 2 - ( 3 . 4 - dhydroxyphehyl ) cyclopropanecarboxylic acid , 
5,6- dialkoxy - 2 - aminoindane - 2 - carboxylic acid , 4.5- 
dihydroxy-2-aminoxndan-2-caroxylic acid, 5, 6-dihydroxy- 
2 -aminotetralin- 2 -carboxylic acid, 2-amino-2-cyanoacetic 
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acid, 2-amino-3-cyanopropanoic acid, 2 -amino- 4- 
cyanobutanoic acid. 2-amino-5-nitropentanoic acid 2- 
amino- 6 -nitrohexanoic acid, 2-amino-4-aminooxybutanoic 
acid, 2-amino-3-( N -nitro8ohydroxyamino)propanoic acid 
5 2-amino-3-ureidopropanoic acid, 2-amino-4-ureidobutanoic 
acid, 2-amino-3-phosphopropanoic acid. 2-amino-3- 
thiophosphopropanoic acid, 2 -amino- 4- 
methanephosphonylbutanoic' acid, 2 -amino- 3 - 
(trimethylsilyl) propanoic acid, 2-amino-3- 
10 (dimethyl (trimethylsilylmethylsilyl) propanoic acid, 2- 
amino-2-phenylacetic acid, 2 -amino- 2- (3- 
chlorophenyl) acetic acid, 2-amino-2- (4- 
chlorophenyl) acetic acid, 2 -amino- 2- (3- 
fluorophenyl) acetic acid, 2-amino-2- (3 - 
15 methylphenyl) acetic acid, 2-amino-2- (4- 
fluorophenyl) acetic acid, 2 -amino-2- (4- 
methylphenyl) acetic acid, .2-amino-2- (4- 
methoxyphenyl) acetic acid, 2 -amino- 2 - (2 - 
fluorophenyl) acetic acid, 2-amino-2- (2- 
20 methylphenyl) acetic acid, 2 -amino- 2- (4- 

chloromethylphenyl) acetic acid, 2 -amino-2 - (4 - 
hydroxymethylphenyl) acetic acid, 2-amino-2- [4- 
(methylthiomethyl)phenylJacetic acid, 2-amino-2- (4- 
bromomethylphenyl) acetic acid, 2-amino-2- [4- 
(methoxymethy) phenyl] acetic acid, 2-amino-2- [4- ( (w 
ben 2 ylamino)methyl)phenyl]acetic acid, 2-amino-2- (4- 
hydroxylphenyl) acetic acid, 2 -amino-2- (3- 
hydroxylphenyl) acetic acid, 2 -amino-2- (3- 
carboxyphenyl) acetic acid, 2 -amino- 2 -(4- 
aminophenyl, acetic acid, 2-aminp-2- (4-azidophenyl, acetic 
add, 2-amxno-2-(3- t -b U tyl-4-hydroxyphenyl)acetic acid 
2-amxno-2-(3,5-difluoro-4-hydroxyphenyl,acetic acid 2- 



25 



anuno-2-(3,5-dihydroxyphenyl)acetic acid, 2-amino-2-(v 
carboxy-4-hydroxyphenyl)acetic acid, 2-amino-2- (3 5 cU 
35 t-butyl-4-hydroxyphenyl)acetic acid, 2-amino-3- (2- 
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ethylphenyl) propanoic acid, 2 -amino-3- (4- 
phenylphenyl) propanoic acid, 2 -amino- 3- (4- 
benzylphenyl) propanoic acid, 2 -amino- 3- (3 - 
£ luorophenyl ) propanoic acid , 2 - amino - 3 - ( 4 - 
methylphenyl) propanoic acid, 2 -amino- 3- (4- 
£ luorophenyl ) propanoic acid , 2 - amino - 3 - ( 4 - 
cnlorophenyl) propanoic acid, 2-amino-3- (2- 
chlorophenyl) propanoic acid, 2 -amino- 3- (4- 
bromophenyl ) propanoic acid , 2 - amino - 3 - ( 2 - 
bromophenyl ) propanoic acid , 2 - amino - 3 - ( 3 - 
hydroxyphenyl) propanoic acid, 2 -amino- 3 - (2- 
hydroxyphenyl ) propanoic acid . 2 - amino - 3 - ( 4 - 
mercaptophenyl) propanoic acid, 2 -amino- 3- (3- 
trifluoromethylphenyl) propanoic acid, 2 -amino- 3- (3- 
hydroxyphenyl ) propanoic acid , 2 - amino - 3 - ( 4 - 
hydroxyphenyl) propanoic acid, 2-amino-3- t4- 
(hydroxymethy) phenyl] propanoic acid, 2 -amino- 3- [3- 
(hydroxymethyl) phenyl] propanoic acid, 2 -amino- 3- [3- 
(aminomethyl) phenyl] propanoic acid, 2 -amino- 3- (3- 
carboxyphenyl) propanoic acid, 2-amino-3- (4- 
nitrophenyl) propanoic acid, 2 -amino- 3 - (4- 
aminophenyl) propanoic acid, 2 -amino-3- (4- 
azidophenyl ) propanoic acid, 2 - amino - 3 - ( 4 - 
cyanophenyl ) propanoic acid , 2 - amino - 3 - ( 4 - 
acetophenyl ) propanoic acid , 2 - amino - 3 - ( 4 - 
guanidinophenyl) propanoic acid, 2-amino-3- [4- 
(phenylazo) phenyl] propanoic acid, 2-amino-3- [4- (2- 
phenylethylenyl) phenyl] propanoic acid, 2 -amino-3 - (4 
trialkylsilylphenyl) propanoic acid , 2 - amino - 3 - ( 2 , 4 - 
dimethylphenyl) propanoic acid, . 2-amino-3- (2,3- 
dimethylphenyl) propanoic acid, 2-amino-3- (2,5- 
dimethylphenyl) propanoic acid, 2 -amino- 3- (3,5- 
dimethylphenyl) propanoic acid, 2-amino-3- (2,4, 6- 
trimethylphenyl) propanoic acid, 2-amino-3- (3,4,5- 
trimethylphenyl) propanoic acid , 2 - amino -3-(2,3,4,5, 
pentamethylphenyl ) propanoic acid , 2 - amino - 3 - ( 2 , 4 , - 
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dif luorophenyl) propanoic acid, 2-amino-3- (3, 4, - 
dif luorophenyl ) propanoi c acid , 2 - amino - 3 - ( 2 , 5 , - 
dif luorophenyl ) propanoic acid , 2 - amino - 3 - ( 2 ,' g .' - 
di f luorophenyl ) propanoic acid , 2 - amino - 3 - < 2 .' 3 , 5 . 6 - 
5 tetraf luorophenyl) propanoic acid/ 2-amino-3- (3 5- 

dichloro-2, 4, 6-trifluorophenyl)propanoic acid, Vamino- 
3-(2,3-difl U orophenyl)propanoic acid, 2-amino-3-(2 3- 
bistrifluoromethylphenyl)propanoic acid, 2-amino-3- (2 4- 
bistrifluoromethylphenyl) propanoic acid, 2-amino-3- <2- 
10 chloro-5-trifluoromethylphenyDpropanoic acid. 2-amino- 
3-(2,5-difluorophenyl)propanoic acid, 2-amino-3- 
(2,3,4,5,6-pentafluorophenyl)propanoic acid, 2-amino-3- 
(2,3- dibromophenyl ) propanoic acid, 2 - amino - 3 - ( 2 , 5 - # 

dibromophenyl ) propanoic acid , 2 - amino - 3 -( 3 , 4 - 
1 5 dibromophenyl ) propanoic acid , 2 - amino - 3 - ( 3 , 4 , 5 - 
triiodophenyl) propanoic acid, 2-amino-3- (2, 3 ' 
dihydroxyphenyl) propanoic acid, 2 -amino- 3- (2 5- 
dihydroxyphenyl) propanoic acid, 2-amino-3- (2 ' 6- 
dihydroxyphenyl,propanoic acid, 2-amino-3- (3 -bromo-5 - 
methoxyphenyl) propanoic acid, 2-amino-3- (2, 5- 
dimethoxyphenyl) propanoic acid. 2 -amino- 3- (2 5- 
dimethoxy-4-methylpheny^ propanoic acid, 2-amino-3- (4- 
bromo-2,5-dimethoxyphenyl)propanoic acid, 2-amino-3- (3- 
carboxy-4-hydroxyphenyl)propanoic acid. 2-amino-3- (3- 
carboxy-4-aminophenyl) propanoic acid, 2-amino-3- (2- ^ 
hydroxy-S-nitrophenyl)pro P anoic acid. 2-amino-3- (2- * 
ethoxy-5-nitrophenyl)propanoic acid, 2-amino-3-(3 4 5- 
trimethoxyphenyl) propanoic acid, 2-amino-3- U-azido-2 
nitrophenyl) propanoic acid, 2-amino-3- (2-hydroxy-5- 
mtrophenyl) propanoic acid. 2-amino-3- (2,4-bis- 
trimethylsilyiphenyl) propanoic acid. 2-amino-3- U- 
hydroxy-3,5-di- t -butyl P henyl,propanoic acid. 2-amino-3- 
(4 -hydroxy- 3 -benzylphenyl) propanoic acid. 2-amino-3- (4- 
hydroxy-3-fluorophenyl)propanoic acid, 2-amino-3- (4- 
hydroxy-2,3,5.6-tetrafluorophenyl)propanoic acid 2- 
amxno-3-(4-hydroxy-3,5-dichlorophenyl)propanoic acid 2- 
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amino- 3- (4 -hydroxy- 3- iodophenyl) propanoic acid, 2 -amino - 
3- (4 -hydroxy- 3, 5- diiodophenyl) propanoic acid, 2- amino- 3 - 
(4 -hydroxy- 2 -hydroxyphenyl) propanoic acid, 2-amino-3- (4- 
hydroxy- 3 -hydroxymethylphenyl) propanoic acid, 2-amino-3- 
5 ( 4 - hydroxy - 2 - hydroxy - 6 - methy lpheriyl ) propanoic acid , 2 - 
amino- 3- (4 -hydroxy- 3 -carboxyphenyl) propanoic acid, 2- 
amino - 3 - ( 4 - hydroxy -3,5- dini trophenyl ) propanoic acid , 
substituted thyronines, 2-amino-3- (3,4-dihydroxy-2- 
chlorophenyl) propanoic acid, 2-amino-3- (3, 4 -dihydroxy- 2- 

10 bromophenyl) propanoic acid, 2-amino-3- (3, 4 -dihydroxy- 2 - 
fluorophenyl) propanoic acid, 2 - amino- 3 -{3,4 -dihydroxy- 2 - 
nitrophenyl ) propanoic acid , 2 - amino - 3 - ( 3 , 4 - dihydroxy- 2 - 
methylphenyl > propanoic acid , 2 - amino - 3 - < 3 , 4 - dihydroxy - 2 - 
e thylphenyl ) propanoic acid , 2 - amino - 3 - ( 3 , 4 - dihydroxy - 2 - 

15 isopropylphenyl) propanoic acid, 2-amino-3- (2 -t-butyl- 

4, 5 -dihydroxyphenyl) propanoic acid, 2-amino-3- (3-fluoro- 
4,5- dihydroxyphenyl ) propanoic acid , 2 - amino - 3 - ( 2 - f luoro - 
4, 5 -dihydroxyphenyl) propanoic acid, 2-amino-3- (2,5,6- 
trif luoro -3,4- dihydroxyphenyl ) propanoic ac id, 2 - amino - 3 - 

20 (2, 6 -dibromo-3»4-dihydroxyphenyl) propanoic acid, 2- 

amino - 3 - ( 5 , 6 - dibromo -3,4- dihydroxyphenyl ) propanoic acid , 

2- amino-3- (2,4, 5- trihydroxyphenyl) propanoic acid, 2- 
amino - 3 - ( 2 , 3 , 4 - trihydroxyphenyl ) propanoic acid , 2 - amino - 

3- (3, 4 -dihydroxy- 5 -methoxyphenyl) propanoic acid, 2- 

25 amino-3-methyl-3-phenylpropanoic acid, 2 -amino- 3- ethyl - 
3-phenylpropanoic acid, 2-amino-3-isopropyl-3- 
phenylpropanoic acid, 2-amino-3-butyl-3-phenylpropanoic 
acid, 2-amino-3-benzyl-3-phenylpropanoic acid, 2-amino- 
3-phenylethyl-3-phenylpropanoic acid, 2 -amino- 3 - (4- 

30 chlorophenyl) -3-phenylpropanoic acid, 2-amino-3- (4- 
methoxyphenyl)-3-phenylpropanoic acid, 2-amino-3,3- 
diphenylpropanoic acid, 2 - amino -3- [4- (N,H- 
diethylamino) phenyl] heptanoic acid, 2 - amino - 3 - [4 - (N, N- 
diethylamino) phenyl] pent anoic acid, 2-amino-3- (3 ,4- 

35 dimethoxyphenyDpentanoic acid, 2-amino-3- (3,4- 

dihydroxyphenyDpentanoic acid, 2-amino-3 -methyl- 3- 
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3.3-diphanylbutanoic acid. 2-amino.3-fluoro-3- 

Phenylpropanoic acid. 2-amino-3-methylane-3- 
5 Pbenylpropanoic acid. 2-a n ino-3- n ethy llMrcapto . 3 . 

Pbenylpropanoic acid. 2-a B ino- 4 . B ethyl TOrcapto . 4 . 

phenylbutanolc acid, 2-amino-4- (3,4. 

dihydroxyphenyllbutanoic acid, 2-Lino. s . (4 
netb, b mtanoic acid. 2-amino-4.pb.nyib™. 

10 acrd. 2-amino-S-pbanylpentanoic acid. 2-amino-3 3- 
di^thyi-5-phanylpentanoic acid. 2-amino-4-pbenyl-3- 
TIT" J -^°-'-> h »~anoic acid. 2-aino- 

S-pbanoxypentanoic acid. 2-amino-2- UndanylUcetic acid 4 

2-a^ n o.2. (1 . t etra 1 y 1 ,acaticacid. 2-a.ino-4.4- ' 
15 dipbenylbutanoic acid. 2-amino-2- <2-napntnyl acatic 
acid. 2-amino-3-U-napbtbyl> P ropanoic acia , 
d-napbtbyl.pantanoic acid. 2-amino-3M2 
naphthyllpropanoic acid. 2-amino-3- <l-cnloro-2- 
naphtbyl) propanoic acid, 2-amino-3- U-bromo-2- 
20 naphthyupropanoic acid. 2-amino-3- ^-hydroxy-!- 
oaphthyi) propanoic acid, 2-amino-3- (4-methoxy-i- 

™~T"°° lC lcid ' 2 - anino - 3 -'-'^°-y 2 -cbaoro- 

1 napbthyl.propanotc acid, 2-4*100-3- <2-chloro-4- 
"athoxy-l-naphthyljpropanoic.cid. 2-a n ino-2- (2- 
25 ™.c.ticacid. 2-^.3. < 9 -an t nrya„JL ic M 

<4 fluorenyl) propanoic acid, 2 -amino- 3 - 
(carboranyl)propanoic acid; 3-netnyiproline 4. 
matbylprolina. 5-„ethylp r oline, 4,4-dia.atbylprolina 4 
30 fluoroproline. 4.4-dixluoroproline. 4-bro™LT'4 
cbloroproiina. 4-aninoprolina. 3.4-dabydroproiina 4 
"etbylprolma. 4- TOt nyianeproline. .-marcaptoprollne 4- 
(4-methc«ybenzylinercapto) P roline 4. * 
hydroxymathylprolina. 3-hydroxyproline. 3-bydroxv-s 

T.ZT°T' e- 3-pbenCrIxL 

2 a^noprolxna. S-aminoprolina. 3-c.rba m y 1 a lk y 1 p rol l;, 
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4 - cyano - 5 -methyl - 5 - carboxyprol ine , 4 , 5 - dicarboxyl - 5 - 
methylproline, 2-aziridinecarboxylic acid, 2- 
azetidinecarboxylic acid, 4-methyl-2-azetidinecarboxylic 
acid, pipecolic acid, 1,2,3, 6-tetrahydropicolinic acid, 
5 3,4-methyleneproline, 2 .4-methyleneproline, 4- 

aroinopipecolic acid, 5-hydroxypipecolic acid, 4,5- 
dihydroxypipecolic acid, 5, 6-dihydroxy-2, 3- 
dibydroindole-2-carboxylic acid, 1,2,3,4- 
tetrahydroguinoline- 2 -carboxylic acid, 6,7 -dihydroxy- 
10 1,2, 3, 4- tetrahydroisoquinoline- 3 -carboxylic acid, 6- 
hydroxy- 1 -methyl -1,2,3,4- tetrahydroisoquinoline - 3 - 
carboxylic acid, 6.7-dihydroxy-l-methyl-l,2,3,4- 
tetrahydroisoquinoline- 3 -carboxylic acid, 1,3- 
oxazolidine- 4 -carboxylic acid, 1, 2-oxazolidine-3- 
15 carboxylic acid, perhydro-1, 4- thiazine- 3 -carboxylic 
acid, 2,2- dimethyl tliiazolidine - 4 - carboxylic acid , 
perhydro-1, 3 -thiazine- 2 -carboxylic acid, selenazolidine- 
4-carboxylic acid, 2 - phenyl thiazolidine- 4 -carboxylic 
acid, 2- (4 -methylphenyl) thiazolidine -4 -carboxylic acid, 
20 1 , 2 , 3 , 4 , 4a , 9a -hexahydro -beta - carboline - 3 - carboxylic 
acid, 2 , 3 , 3a , 8a - t etrahydropyrrolo ( 2 , 3b ) indole - 2 - 
carboxylic acid, 2 -amino- 3- (2- pyridyl) propanoic acid, 2- 
amino- 3- (3 -pyridyl) propanoic acid, 2-amino-3- (4- 
pyr idyl) propanoic acid, 2 -amino- 3- (2-bromo-3- 
25 pyridyl) propanoic acid, 2-amino-3- (2-bromo-4- 
pyridyl ) propanoic acid , 2 - amino - 3 - ( 2 - bromo - 5 - 
pyridyl ) propanoic acid , 2 - amino - 3 - ( 2 - bromo - 6 - 
pyridyl) propanoic acid, 2-amino-3- (2-chloro-3- 
pyridyl) propanoic acid, 2 -amino- 3- <2-chloro-4- 
3 o pyridyl ) propanoic acid , 2 - aminp - 3 - ( 2 - chloro - 5 - 
pyridyl) propanoic acid, 2-amino-3- (2-chloro-6- 
pyridyl) propanoic acid, 2 -amino- 3- (2-f luoro-3- 
pyridyl) propanoic acid, 2-amino-3- (2-f luoro-4- 
pyridyl ) propanoic acid , 2 - amino - 3 - ( 2 - f luoro - 5 - 
35 pyridyl) propanoic acid, 2-amino-3- (2-f luoro-6- 

pyridyl) propanoic acid, 2-amino-3- (1, 2-dihydro-2-oxo-3- 
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Pyridyl) propanoic acid, 2-amino-3- (l,2-dihydro-2-oxo-4- 
pyridyl) propanoic acid, 2-amino-3- (1, 2-dihydro-2-oxo-5- 
Pyridyl) propanoic acid, 2-amino-3- (1, 2-dihydro-2-oxo-6- 
pyridyl ) propanoic acid , 2 - amino - 3 - ( 5 - hydroxy- 2 - 
pyridyl) propanoic acid, 2 -amino-3 - (5-hydroxy- 6-iodo-2 - 
pyridyl) propanoic acid, 2-axnino-3- (3 -hydroxy -4 -oxo- 
l,4dihydro-l-pyridyl)propanoic acid, N- ( 5 - caroxyl - 5 - 
aminopehtyl ) pyridinium chloride , 1,2,5 - trimethyl - 4 - ( 2 - 
amino-2-carboxy-l-hydroxyethyl)pyridiniuin chloride, 2- 
amino-2-(5-chloro-2-pyridyl) acetic acid, N- (3 -amino- 3- 
carboxypropyl ) pyridinium chloride , 2 - amino - 3 - ( 2 - 
Pyrryl) propanoic acid, 2 -amino- 3 - (l-pyrryl) propanoic 
acid, 2-amino-4-(i-pyrryl)butanoic acid, 2-amino-5- (1- 
PyrryDpentanoic acid, 2-amino-3- (5-imidazolyl) -3- 
methylpropanoic acid, 2 -amino- 3- (5-imidazolyl) -3- 
e thylpropanoic ac id , 2 - amino - 3 - hexyl - 3 - ( 5 - , 
imidazolyl) propanoic acid, 2-amino-3 -hydroxy-3- (5- 
imidazolyl) propanoic acid, 2-amino-3 - (4-nitro-5- 
imidazolyl) propanoic acid, 2-amino-3- (4-methyl-5- 
20 imidazolyl) propanoic acid, 2 -amino-3- (2 -methyl -5- 
imidazolyl ) propanoic acid, 2 - amino - 3 - ( 4 - fluoro - 5 - 
imidazolyl) propanoic acid, 2-amino-3- (2-£luoro-5- 
imidazolyl) propanoic acid, 2-amino-3- (2-amino-5- 
imidazolyl) propanoic acio>, ^-amino-3- (2-phenylaza-5- 
25 imidazolyl) propanoic acid, 2- amino- 3- ( 1 -methyl -2 -nitro - 
5 -imidazolyl) propanoic acid, 2 -amino-3 - (l-methyl-4- 
nitro-5-imidazolyl)propanoic acid, 2 -amino- 3 - (l -methyl - 
5-nitro-5-imidazolyl)propanoic acid, 2-amino-3- (2- 
mercapto-5-imidazolyl)propanoic acid, 2-amino-4- (5- 
30 imidazolyl) butanoic acid,- 2 -amino-3 - (1- 
imidazolyl) propanoic acid, 2 - amino- 3 - (2- 
imidazolyl ) propanoic acid, 2 - amin o - ( 1 - 

pyrazolyl) propanoic acid, 2 -amino- (3 -pyrazolyl) propanoic 
acid, 2-amino-(3,5-dialkyl-4-pyrazolyl)propanoic acid, 
2-amino-3-(3-amino-l,2,4-triazol-i-yi)p ropanoic acidf 2 . 
amino-3- (tetrazol - 5 -yl) propanoic acid, 2-amino-4- (s- 
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tetrazolyDbutanoic acid. 2-»mino-3- ( S -z*thyl-3- 
indolyl) propanoic acid. 2-amino-3- <«-fluoro-3- 
indolyl) propanoic acid. 2-azHno-3- (S-fluoro-3- 
inaolyl) propanoic acid. 2-amino-3- «-f luoro-3- 
. IndolyDpropanoic acid. 2-amino-3- U.5.6.7-tetra £ luoro 
3- indolyl) propanoic acid. 2-amino-3- <s-chloro-3- 
indolyl) propanoic add, 2-amino-3- (S-chloro-3- 
indolyllpropanolc acid, 2-amino-3- <7-chloro-3- 
indolyl) propanoic acid, 2-amino-3- (5-bromo-3- 
10 indolyl) propanoic acid, 2-amino-3- (7-bromo-3- 
indolyl) propanoic acid. 2 -amino- 3- (2 -hydroxy- 3- 
^ , indolyl) propanoic acid. 2-amino-3- (5- hydroxy -3- 

0i ' indolyl) propanoic acid, 2-.mino-.3- <7-hydro*y-3- 

indolyl) propanoic acid. 2-amino-3- <2-al*ylmer=apto-3- 
1S i*dolyl)propanoi= acid. 2-amino-3- (7-amino-3- 
indolyl) propanoic acid, 2-amino-3- M-nitro-3- 
indolyDpropanoic acid, 2-amino-3- (7 -nitro-3- 
indolyDpropanoic acid. 2-amino-3-(«-oarboxy-3- 

inaoiyj.JP v a-miao-j- (3 -indolyl jbutanoic 

indolyl) propanoic acid, 2 amino 
, 20 acid. 2-amino-3-t2.3-dlhydxo-3-indolyl.propanoi= acid. 
.-amino-3- (2.3-dihydro-2-oxo-3-indolyl,propanoic acid 
J . am ino-3-alkylmerc.pto-3- <3- indolyl) propwoic acid 2- 
a»ino-3-( 4 -aza-3-indolyl)propanoic acid, 2-amino-3- (7- 
aIa -3-indolyl.propanoic acid. 2-amino-3- ,7 -aza-6-chloro 
0> 25 .-nethyl-l-indolyypr^anoic acid, 

dihydrob^ornran-3-yDpropanoic acid, 2 -amino 3 (3 



methyl - 5 -7 - dialkylbenzof uran- 2 -yl) propanoic acid 2 
Lno-3- (^enzothiophen-S-yDpropanoic acid, 2-a»xno-3- 
(5-hydroxyben 2 othiophen-3-yl)propanoic acid, 2-amxno-3 



30 



35 



,benzoselen61-3yl) propanoic acid, 2-amino-3 
c^iylpropanoic acid, 2-amino-3- (8-hydroxy-S- 
„uinolyl)propanoic acid, 2-amino-2- (5, 6.7 . 8- 
tetrahydroQuinol-S-yl) acetic acid. 2-a»ino-3- (3- 
coomarinyl) propanoic acid. 3-amine-2- <benziso*azol-3 
yl, acetic acid, 2-amino-2- (S-nethylbenzisoxazol-3- 
yl,acetlc acid. 2-a»ino-2- (S .methylbenziso»zol-3- 
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"yl> acetic acid, 2 -amino- 2 -f 7 -«.«, ,v 
vDacetic acid, 2-amino. 2 . £ 

-ace tic acid. 2-a.ino.3- S^SS^T " 

-id, 2-a«ino-3- (M.M-^.^^ 
XDpropanoic acid, 2 -aminos - (benzimiaT , 
acid, 2-amino-2- (1,3-dihydro- T Ai T *' 5 '™«»"c 
S-xDacetic acid, 2-.^".^ ^-"^en- 
- ^^benzotMadiazoi-s-^a^ 

~obenzimidazol- 5 - yl) acetic acid i s L <>' 
. hydroxybenzothiazol-6-vl)^ 2 -amino- 3 - U- 

01 6 yi> Propanoic acid 2- a m< 
(ben2oxa2ol-2-yl)nm« a T,«^ , 2-amino- 3 - 

w . y- 1 ^ Propanoic acid, 2 -amino- 3- W 

(ben2othiazol-2-vi 1 w ^ . 0 3 

yi'Propanoic acid 2-*™,-- , 

15 M ^)Pr=«ncic acid. 2-a»ano 

PurinyDacetic acid. 2-a.ino-,.^ " cM «°-'- 

the ° br ™>Pr°Pa=oic acid. n 2 " aUn0 - 3 -' 8 - 

uracil yl ,acetic acid. a-ami^-j.,, !J 
•0 acid. 2-,ai 110 . 3 ., 1 . ura 2 (1 - c "°*inyl>acetic 

"raciiyl) propanoic a n< , 
<i-cy t o.ioy 1)propanoic acld 2 .^= « ia " 2 -a--»-3- 

Py™idinyl )butanolo ,.^1 <L 

PyrinidioyDta,,.^,. acid . "7° 4 (< -a»tao-l. 

PyriBidioyi,^^ '-"^-U-nydroxy-i. 

acifl * 2 - amino - 5 - r 1 - 
' P^^^nyDp^tanoic acid. 2-a^o-s u ■ & 
PyrlMidinyijpe,,,^^ acl<J , 5 <«-amno-i- © 

P^^propanoic acid. 2-a*i„o-3- 6 
■""""'Propane acid. 2-aJo^ (2 . 
Pyri-idioyDprop^oi. acid, 2-^.,. (s . 
2-pyri m idi n yi, propanolc acl(J "3 (6 -a"m*>-«-chloro- 

aeid 2.Lr;:; 2 ( :r™- 

P^-idinya.propanoic acid. 2^0-3. u s^ 0 " 4 " 
^»^^in-2.y 1)propaoolc J d (< ; 
thl °<**cil- 6 - yl)pro , d ' 2 "*«»-3-(a- 
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dihydro-2-furyl)acetic acid, 2 -amino-2 - (5-alkyl-2- 
furyDacetic acid, 2 -amino-2 - <2-furyl) acetic acid, 2- 
amino-2-(3-h y droxy-5-methyl-«-iBoxazolyl)acetic acid, 2- 
amino-3- (4 -br omo - 3, hydr oxy- 5 -isoxa zo lyl) propanoic acid, 
2 - amino - 3 - < 4 -methyl - 3 - hydroxy - 5 - isoxazolyl ) propanoic 
acid 2-amino-3-0,hydroxy-5-i80xazolyl)propanoic acid, 

2- amino-2-(3-chloro-D2-i80xazolin-5-yl)acetic acid, 2- 
amino-2-(3-oxo-5-isoxazolidinyl)acetic acid, 2-amino-3- 
(3 5 -dioxo-l,2,4-oxadiazolin-2-yl)propanoic acid, 2- 
amlno-3-(3-phenyl-5-iBoxazolyl)propanoic acid, 2-amino- 

3- [3- (4-hydroxyphenyl) -l, 2,4- oxadiazol- 5 -yl) propanoic 
acid, 2-amino-3-(2-thienyl)propanoic acid, 2-amino-2- (2- 
furyDacetic acid, 2-amino-2- (2 -thienyl) acetic acid. 2- 
amino-2-(2-thiazolyl)acetic acid, 2-amino-3- (2- 

15 thiazolyl) propanoic acid, 2-amino-4- <4-carboxy-2- 
thiazolyDbutanoic acid, 2-amino-3- (4- 
thiazolyl) propanoic acid, 2-amino-3- (2- 
selenolyl) propanoic acid, 2-amino-3- <2-amino-4- 
selenolyl) propanoic acid, 2 -amino- 3- (0- 
20 ribofuranosyl) propanoic acid, 

"Amino acids- residues- also refers to various amino 
acids where sidechain functional groups are coupled with 
appropriate protecting groups known to those skilled in 
the art. "The Peptides", Vol 3. 3-88 (1981) discloses 
numerous suitable protecting groups and is incorporated 
herein by reference for that purpose. 

as used herein, "alkyl- is intended to include both 
branched and straight -chain saturated aliphatic 
hydrocarbon groups having the specified number of carbon 
atoms; "haloalkyl* is intended to include both branched 
and straight -chain saturated aliphatic hydrocarbon 
groups having the specified number of carbon atoms, 
substituted with 1 or more halogen (for example -CVF W 
where v = 1 to 3 and w = 1 to <2V1) ) ; "alkoxy 
represents an alkyl group of indicated number of carbon 
atoms attached through an oxygen bridge; "cycloalkyl- is 
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intended to include saturated rir.« „ 

— o-.W. or poly-cyclic rW gr ° UPS ' inCludi °* 

^ . *^ y c y cll c ring systems, such as 

eye o cyclobutyi _ ^ ^ 

cycloheptyl. adamantyl and cyclooctv, ° nexyl - 
. f tended to ^ 9ac ~ ^ c ^ ^ ^f^" 

l«.«.OJbicyclodecane (decalin) , [2 2 2.*<„ , 

hydrocarbon chains of either , „,. . _ nClude 
0 configuration and one or 1" ' " 

-nde ^ My oc r ;: : y re 3^ a a :T ted 

chain. such as ethenyi. pr o ™ Ld L l^T ^ 
■alXynyl- is intended to include hydrocarbon 1 « 
"ther a straight or branched cJ^T^^T' " 
■ »°re triple carbon-carbon bonds which 1, " 
"able Point aiong the chain, such ao ^"0" 
and the like. e^nynyl, propynyl 

The terms -(alkyl)-*, , . (alkyenyl , . . 
"-(Phenyl)--, and the like, refer to al iL ' 
Phenyl groups, respectively, wl ch ar I c ' alke * y1 ' 

:r to the rest - - :r,rL ct ™ y two 

Such groups may alternatively ' 
denoted as . aUtyW . 

the like, respectively. , ' Pbeni ' lene *. — 

"Hale- or -halogen, as used herein refers to £ 
flnoro. chloro. brow,, and iodo- and . = 
used to represent a « m . f 

such as chloride, bromide, hydroxide! a«t ate TlT" 
and the like. acetate, sulfate, 
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As used herein, »arvi» ^ .. 

= ed t _ p — ; j; — - U 

arylalkyl- represents an arvl *~ 
auyl bridge. By My o£ T* " 

u&n a C1-C4 alkyl bridcr* 

the indicated compound; the £ e» ""c, a^ ° " 

ici C 3 alkyl) aryl» i s 
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intended to refer to a C1-C3 alkyl group which is 
attached through an aryl ring to the residue of the 
indicated compound; the term »aryl(Ci-C 3 alkyl)" is 
intended to refer to an aryl group attached through a 
5 C1-C3 alkyl group to the residue of the indicated 
compound. 

As used herein, -carbocycle- or -carbocyclic 
residue- is intended to mean any stable 3- to 7- 
membered monocyclic or bicyclic or 7 - to 14-membered 
10 bicyclic or tricyclic or an up to 26-membered polycyclic 
carbon ring, any of . which may be saturated, partially 
unsaturated, or aromatic. Examples of such carbocyles 
include, but are not limited to, cyclopropyl, 
cyclopentyl, cyclohexyl. phenyl, biphenyl, naphthyl, 
15 indanyl, adamantyl, or tetrahydronaphthyl (tetralin) . 

as used herein, the term -heterocycle" is intended 
to mean a stable 5- to 7- membered monocyclic or 
bicyclic or 7- to 10-membered bicyclic heterocyclic ring 
which is either saturated or unsaturated, and which 
20 consists of carbon, atoms and from 1 to 4 heteroatoms 

independently selected from the group consisting of N, O 
and S and wherein the nitrogen and sulfur heteroatoms 
may optionally be oxidized, and the nitrogen may 
optionally be guatemized, and including any bicyclic 
25 group in which any of the above-defined heterocyclic 

rings is fused to a benzene ring. The heterocyclic ring 
may be attached to its pendant group at any heteroatom 
or carbon atom which results in a stable structure. The 
heterocyclic rings described herein may be substituted 
30 on carbon or on a nitrogen atom if the resulting 
compound is stable. Examples of such heterocycles 
include, but are not limited to, lH-indazole, 2- 
pyrrolidonyl, 2H, 6H- 1,5,2 -dithiazinyl, 2H-pyrrolyl, 3H- 
indolyl, 4-piperidonyl, 4aH-carbazole, 4H-quinolizinyl, 
35 6H-l,2,5-thiadiazinyl, acridinyl, azocinyl, 

benzofuranyl, benzothiophenyl , carbazole, chromanyl, 
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chromenyl. cinnoXiuyX. decahydroqui^Xinyl. furanyl 

ill lna ° li2inyl - isobensofuranyl 
isochromanyl, isoindoXinyx. isoi„,l n i„i . 

naphthyridinyX. octahydroiscuinolinyl IL"T ^ ' 

phenarsazinyi. phenazinyi; phenothiazinyi ' 
Phenoxathiinyl . phenoxazinyl . phthaXazinvi' ■ 
10 piperidinyi. pteridinyl, purinvX „ P^'inyX. 

PXrazoXidinyX. ^JuXZLZ^ T"^ 
_ XJ ^ . . , , ' ' *vy«zoxyi # pyridazinvl 

pyridinyx, Pyridyl. pyri^^, pyrrol nyl " 

PV-linyX. pyrrolyl . £ m 

<Juxnoralinyl. ouinuclidinyl . carboXinyl 

" " t " hy f° f ™- 'etrahydroiso^uinoXinyl. 

tMa rr <,Uin0liDy1 ' tetr "°^- thianthrenyl 
thiazolyi, thienyl. thiophenyx tria,^„, 

Also included are fused L/and ""H Mnthenyl - 
contains * spj.ro compounds 

20 P^ • T Mta " Pla ' tha • bo » heterocycles 

20 Preferred heterocyeXea include, but are not , 

Pyridinyx. furanyl. thienyl. pyrroLl ^ 
i»idazoXyx, indoxyx. benzl^ ^JETf , 
oxazoXidinyX. ^JL^T^a X 

benzoxazolinyl, or isatinoyl °xindolyl, 

repxaced with a seXec^ TZZZT* " 

provided that the designated at»J lndlcate ' 1 '^P. 
not exceeded, and thtt^^V""" 1 is 

30 stabie conpound When ^ k ° b * tltnt "» in a 

i^una. When a substitent is k P tn 

then 2 hydrops on the ato» are repXa^ - 

The tern -peptide" as used herein 
that consists of two or ..ore ^JIZTZ L?T* 
herein, that are XinXced by s^an. of ° ^ J" 1 
IS term -peptide" also !„,.•, Peptide bond. The 

Peptide Ld non P epti". c C °* POUndS *«- 
non peptide components, such as 
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pseudopeptide or peptide mimetic residues or other 
non-amino acid components. Such a compound containing 
both peptide and non-peptide components may also be 
referred to as a -peptide analog" . 
5 The term -peptide bond" means a covalent amide 

linkage formed by loss of a molecule of water between 
the carboxyl group of one amino acid and the amino group 

of a second amino acid. 

As used herein, "pharmaceutically acceptable salts- 
10 refer to derivatives of the disclosed compounds wherein 
the parent compound is modified by making acid or base 
salts thereof- Examples of pharmaceutically acceptable 
salts include, but are not limited to, mineral or 
organic acid salts of basic residues such as amines; 
15 alkali or organic salts of acidic residues such as 

carboxylic acids; and the like. The pharmaceutically 
acceptable salts include the conventional non- toxic 
salts or the quaternary ammonium salts of the parent 
compound formed, for example, from non-toxic inorganic 
20 or organic acids. For example, such conventional non- 
toxic salts include those derived from inorganic acids 
such as hydrochloric, hydrobromic, sulfuric, sulfamic, 
phosphoric, nitric and the like; and the salts prepared 
from organic acids such as acetic, propionic, succinic, 
25 glycolic, stearic, lactic, malic, tartaric, citric, 

ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, 
glutamic, benzoic, salicylic, sulfanilic, 2- 
acetoxybenzoic, fumaric, toluenesulf onic, 
methanesulfonic, ethane disulfonic, oxalic, isethiomc, 

30 and the like. 

The pharmaceutically acceptable salts of the 
present invention can be synthesized from the parent 
compound which contains a basic or acidic moiety by 
conventional chemical methods. Generally, such salts 

35 can be prepared by reacting the free acid or base forms 
of these compounds with a stoichiometric amount of the 
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appropriate base or acid in water or in an organic 
solvent, or in a mixture of the two; generally, 
nonaqueous media like ether, ethyl acetate, ethanol 
xsopropanol, or acetonitrile are preferred. Lists of 
S suitable salts are found in l^-,, Pharmaceutical 
fences, 17th ed. , Mack Publishing Company, Easton, PA 
"85, p. 1418. the disclosure of which is hereby 
incorporated by reference. 

The phrase "pharmaceutically acceptable" is 
to employed herein to refer to those compounds, materials 
compositions, and/or dosage forms which are, within the 
scope of sound medical judgment, suitable for use in 
contact with the tissues of human beings and animals 
without excessive toxicity, irritation, allergic 
re Sponse , or other problem or complication, commensurate 
with a reasonable benefit/risk ratio. 



25 



30 



35 



Synthesis 

sid^T 1 PePt " e b ° r0ai0 aC " S aliphatic 

outlined in Scheme I. First, the precursor. nh 2 - 
CHHCH^Br^-CoH^. a r 3 or 4 _ BM pMpmd a 

coupled with an H-terminal Drot«rn™ 

n-*™, , , Protecting group or with an 

tetmMl ^ *i*»chain protected peptide by the 
procedure we have descrihed previously [Kettner et al 

If , * 1828S -i» 2 " '»><»). to exas^le o£ 
this product is l where the above intermediate is 
coupled to Ac-miPhe-Pro-OH. i was converted to the 
corresponding alkyl cyanide 2 by treatment with 
tetranutyl ammonium cyanide in .THP at 55 - C for 2 hour.. 
™* appears to be a general method for introducing the 
cyano group. In contrast, other common methods of 
introducing this group can be applied only with li^ 

CH[(CH2)4-Br]BO 2 -Cl 0 Hl 6 with KCH in N, H- 

dimethylformamide failed to yield a detectable product. 
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our data are consistent with the formation of a cyclic 
product arising from the nucleophilic displacement of 
the sidechain bromide by the adjacent amide NH. 
Treatment of z-NH-CH[(CH 2 )4-Br]B02-C 10 Hi6 with NaCN in 
5 N ,N-dimethylformamide gave the cyano compound, but only 
in low yield, indicating that cyclization does not occur 
quite so readily when the urethane protecting group (Z) 
is present. Typically, 2 was purified by standard 
techniques such as silica gel chromatography. The 

10 corresponding amidine, 3, was prepared by treating the 

nitrile with a saturated solution of a mineral acid such 
as HC1 in methanol. Excess solvent and acid were 
removed by evaporation and the residue was allowed to 
react with anhydrous ammonia to yield the desired 

15 product. 

Schema 1 

P 

Ac-(D)Ph©-Pro-QH * fri^-CH B. 
or N-Terminal Protecting I u 

^ Group j (^2)3 



1 . M©OH, HO R 8 -fAln-NH-CH— -BOsrCioHie 

2. MH3 _ I 
^ (CH2)3C(NH)NH 2 




-C,eHio 



20 



3 

The formamidino substituted boronic acid, 5, was 
prepared by the synthesis of the corresponding alJcyl 
amine such as Ac- (D) Phe-Pro-boroOrn-CioHis ±. Scheme 2. 
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™s in turn was prepared by 

'""owed by hydrogenatlon (Ket, 1U " 
yield the £oraanlai n 0 ctMpoun( , £ °™-">*te to 

Scheme 2 
1 - NaN 3 

^ 2. H 2 , Pave R -I A Jn-NH-CH~BO 2 -C 10 H 16 Et °C(NH)H 

4 

(CHjJaNHCCNHjH 
6 

»■ substituted isothiouroniu. derived 
substituted guanines are readilv 

Scheme 2 a. Treatment o f tlZ^ZTl" ^ ** 
Produces direetjy the isothiouroniu^i ^f"" 
can be oonverted to the asdne 4 asThf ' " terMtlve ^ I 
toying a Method ori g inaliy L *' 

--ed with a ^dineJJni 'aoid ^h " ^ * 
of 4-dhu. to afford the suanidine 22 tT PreSeOCe 
for^dinesuifonic acids^an Z • 

* the oorrespondin, thiols ^t^ ° Xlaati0n 
Ue bi!K Ann. ch«, 98 Bilt « — Randau. 
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Scheme 2a 



tfHAk-NH-CH-BOrCtoHw 
(CH^ s Br 



RS-lAJn- NH-CH- BQrC 10 Hio 



21 



10 



(CH2>jNH 2 

-3 



SO3H 
HN=C-NHR° 



R^A]„- NH-CH -BOs^ 10 H 18 

(CH^aNHCCNHJNHH 8 



22 



The substituted boronic acid, 7. is prepared by 
treating 4 with dimethyl cyanodithioiminocarbonate or 
diphenyl cyanodicarbonimiate to yield the S -methyl 
isourea (6) or O-phenyl isourea, respectively, using a 
procedure similar to that reported by Barpill et al. J. 
Hereocyclic Chem. 25, 1698 (1988) , Scheme 3. Thxs 
intermediate is treated with ammonia in either THF or 
alcohol to yield the desired product. 



Scheme 3 

MeSC(NCN)SMe R 3 -JAln — NH-CH — BO 2 -C 10 H 16 
4 — I 



NH 



'3 



(CH2>3NHC(NCN)SM® 
6 



R 3 -IA1„-NH-CH— BO 2 -C 10 H 16 

(CH2)3NHC(NCN)NH 2 
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Hydroxyguanidino inhibitors are prepared by 
treating 4 with cyanogen bromide or cyanogen chloride 
followed by hydroxylase to yield 8. Scheme 4. These 
are known chemical transformations, Nakahara et al 
5 Tetrahedron, 33, 1591 (1977) and Belzecki et al'. j ' 
Chem. soc. Chem. Commun., 806 (1970) . 

Scheme 4. 

LBrCN 

2. NHjOH n3 
4 R -[AJ n N H— CH BO 2 -C 10 H 16 

(C^,) 3 NHC(NOH)N^ 

8 • 



10 



The preparation of new aromatic boronic acids are 
shown in scheme 5. Functional! zed benzylic anions 
containing either a halogen or cyano substituent (the 
cyano group is shown for illustration, are obtained by 

W±th mStal iD ~ °ther Wt 

solvent and then with CuCN.2l.ici [Berk et al 

Organometallics 9, 3053-3064 (1990)!. Dichloromethyl 
boronxc acid pinanediol was prepared by the method 

20 a98 C 3 T ed It by TSai , ^ ^43-1545 

(1983) . it was allowed to react with the transmetalated 
-on to yield 9. This was the only acceptable metLT 
of preparing these functional! zed benzylic anions For 
example treatment of p-nitobenzyl chloride with lithium 
metal using the method of Michel et al j 
25 Organometallic Chem. 204, <i-i 2 {1981) faUed " 
identifiable product. Similarly, treatment of p 
cyanobenzyl chloride with lithium naphthalenide in the 
presence of ZnCl 2 using the conditions of zhu et al j 

30 Z^T 56, 1445 ' 1453 (1991) dld not «- — 
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The o-aminoboronic acid, 10, was obtained by 
treating £ with the lithium salt of hexamethyldisilazane 
and removing the trimethylsilanyl groups by treatment 
with anhydrous HCl. 10 was coupled to either an N- 
terminal protecting' group or to a peptide using known 
techniques. 

The aromatic substituted cyanides, 11, were 
converted to the corresponding amidino compound, 12, 
using the same sequence of reactions described for 
preparation of the aliphatic amidino compound, 3. 



Scheme 5 



15 



CHjjBr 




LZn 

2. CuCN°2UCi 



CI-CH— BO 2 -C 10 H 16 

w. Q 2- HCl 



3- O 
ON CI 2 CH-B 0 





^-[Aln-NHCH— BO2-C l0 Hi6 

0 



Ac-(D)PtK5-Pro-OH 
or N-Temiinal Protsciing 
.Group 



PP-IAI.-OH 




^AJn-NHCH— Bp2-C 10 H 16 




1. MeOH. HCl 
2-NHa 



C(NH)NH2 

11 can be hydrogenated to yield the corresponding 
aminomethyl group as an aromatic substituent 13. Scheme 
6. The corresponding formamidino, cyanoguanidino, 
hydroxyguanidino and guanidino compounds, 14. 15, l£, 
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and 17, respectively, are prepared by the procedures 
described for the aliphatic series, Scheme 1. 



Schemes 



11 



Hjyiofcpac 



I 

9H. 




I 

CH X 



BOC(NH)H 



13 ^CHjNHj 




1. MeSC(NCN)SM» 

2. NH» 



RNai^-ch-bo^oH,, 



17 



CHjNHCfNhQNHj 



I.BrCN 
ZHHfiH 



Ff^-NH-CHBO^^, 



CH 4 ^AJ^H-CHBO^^, CH 




I 

9H. 



14 



CHjNHC(NH)H 





^ 16 CHjNHC^NOtyNHj 

16 CHjjNHC^r^NH, 
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Aromatic guanidino inhibitors, 20, were prepared 
from precursor R-boroPhe-CioHi6, Scheme 7- The aromatic 
ring was nitrated by reaction with NO+BF4- to yield 18 
which was reduced to the corresponding amine, 19. The 
amine is converted to the guanidine by reaction with 
aminoiminomethane sulfonic acid [Mosher et al. 
Tetrahedral Lett. 29 3183 (1988)] or cyanamide (Kettner 
et al. 1990) . 
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R 3 -rA] n -NH-CH-BO 2 -C 10 H 16 R 3 ^H -CH-B Or C 10 H 18 

CH 2 NVBF 4 " L 




R 3 -fAJ n ^H-CH-BO 2 -C 10 H 16 




H 2 . Pd/C 




NH 2 C(NH)S0 3 H 



DMAP 



RMAJn^H-CH-BOa-C^H^ 
CH 2 




20 



NHC(MH)NH. 



I**'* . 8 illUStrat6S the Preparation of thrombin 

inters wnere the Pl side chain is substituted 
an a lto oup , and wherg ^ N . terminus fl 

wxth novel N-blocking groups. Treatment of *3-riJ!-« 
■"^■«^ -th an alkoxide yielded 
ether 20 in the * site, as sho«n for Boo- (D)Phe-Pro-«H- 
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CH[(CH 2 )3-Br]BO 2 -Cl0Hl6 1. ^ oval ° f thC B ° C 

*-p — * - e ^ ^ 22 T ch was 

v. m ^4fied to give inhibitors with unique 

agnation with glyoxylic acid and sodium 
cvanoborohydride using . procedure similar " the 
^!al described by Rosowsky J. Med. Chem. 34- »* 7 - 
rr Similarly, reductive amination with aldehyde 
yielded the N,N-dimethyl analog 2±- 

Scheme 8. 



R 8 lAl„-NH-CHl(CH 2 ),-Brl-BO i -C l oH« 

1 




4 



v Q HCOCOOH 
O NaBHjCN 




HCHO 
NaCNBHj 




H 3 C CH, 



24 



15 



The boroorn ester « -as the starting material 
■ ™ r r"th side chain amides (2 £) . sulfonates 
inhibitors wiun ° no v t-vio Pt side 

(?q\ and ureas (29) at tne 
(27) a-hydroxyamides (28) ana ux — 

ISn .scheme «. - -tter compounds .ere obta^ed by 
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cLTr °V P ° taSSiUra ln alcoho1 -in* 

.TS Th\ " th ° Se de8Cr±bed ^ F ^ g -Man SO - 

et al. j. Heterocyclic Chem. 29, 2 21, i 992 . 

Scheme 9. 

5 • 

^A^-CH-BO^CoH,. 

NH 

H.C-C 26 
II 

RS-IA^fj-CH-BO^CoH,, 

I potassium 

NH 
i 



10 



15 



OOBQC 

? ... (p*4)» 



H*-p 4 NH ^ 



O O 

„ II 

29 HO-C-C-OH 

"2 



HaC-S-CI I 

Nl 
j 

o=s=o 



dicydohexyl- CH » 
cartxxfimide 



RS^AH-N-CH-BOrCoH,, 

28 NH 

C-C— OH 
II H 2 
O 



inhibitors of this invention with modified 
guanid groups at P, .ere prepared using procedures 
descrxbed previously for the preparation of cimetidine 
Durant et al. Me d. chem. 20, f01 . 1977) * 

gi^i^T diraethylC ™^-^ocarhonate to 

give 31. Treatment of 31 with either ammonia, an al^i 

amine, or an N,N-dialkyl amine yi el ded the correspond!™ 
cyanoguanidine (32a,, N-aDcyl cyanoguanidine ILT ^nd 
N,N-dial*yl cyanoguanidine (32c,, respectively^ 
Pept.de portion of the molecule was modified to yield . 
variety of inhibitors. For example, when R 3 of ^1 
Boo, treatment with anhydrous HC1 gave a free amino 
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group which was carboxymethylated with HCOCOOH and 
NaCNBH3 . 



Scheme 10. 



I 

S-CH3 



(CH2) 3 

I 31 
NH 

N=C— N=C 

S-CH 3 



-NH 3 or-NH 2 R 6 or r3 n - N -CH-BO 2 -C 10 H 16 
-NHR 8 R HI 



31 



(CH 2 )3 
NH 

N=C-N=C 
Y 



32a: Y - -NH 2 
32b: Y = -NHR 8 
32c: Y = -NR 6 R 6 



Scheme 11 shows the preparation of inhibitors 
wherein X is an aminooxy or guanidinooxy group. These 
were prepared according to the general procedure 

10 described by Martin et al J. Med. Chem. 8, 656, 1965. 
The alkyl halide 1 was allowed to react with N- 
hydroxyphthalimide in DMF in the presence of 
triethylamine at 100 *C to yield 34. The phthalamido 
group was removed by treatment with hydrazine in 

15 methylene chloride and methanol to give the aminooxy 

compound 35 . The aminooxy group of 35 was converted to 
the guanidinooxy group of 36 by heating with cyanamide 
in toluene. Other methods of guanidation described in 
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the present case ca. also applied here to for* the 
desired compound 36. 




R 3 -[AJ n -N~CH-BO r C 10 H 16 

(CH2) 3 
O 



Et 3 N 




34 



R 3 -[Al n -N— CH-B0 2 -C,„H, a 

1. H 2 NNH 2 -H20 H I ^ 2 ^° M ie 
^ (CH^a 

2. HCI O *HCI 

NH 2 

35 



toluane, (CH 2 ) 3 
90-95*C A 

V 'HCI 
NH 

C=NH 

NH 2 36 

acid IT 6 " UlUStrateS the reparation of boronic 

tL P^itT T^ ln9 4 SUbStitUted ^lohexyl ring in 
the Pl site. Cyclohexadione monoethylene ketone 38 was 
converted to the alkene 3S using a *itti 3 reaction^ 7s 

lonv Tr r ° nated USinS diiiso ^— **1 horane and"" 
converted to the boronic acid ethyl ester using the 
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general procedure described by Brown et al. J. Org. 
Chem. 47' 5065, 1982. Transesterif ication with 
pinanediol gave £0. The a-chloro compound 41 was 
prepared by the homologation reaction of 40 with the 
5 anion of methylene chloride using the procedure of 
Matteson et al. J. Am. Chem. Soc. 105, 2077, 1983. 
Nucleophillic displacement of the a- chloride with the 
lithium salt of hexamethyldisilazane gave the bis-silyl 
protected amine 42. The trimethylsilyl protecting 

10 groups were removed by treatment with anhydrous HC1. 

The a-amino group was coupled to either an acyl group or 
N- protected peptide or amino acid using the mixed 
anhydride or other standard peptide coupling reaction 
conditions. The peptide 43 was treated with an aqueous 

15 suspension of a sulfonic acid substituted ion exchange 

resin to yield the side chain ketone which was converted 
to the amino cyclohexylpeptide 44 by reductive amination 
using ammonium acetate and sodium cyanoborohydride . 
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Scheme 12. 




Scheme 13 shows the preparation of boronic acid 
peptides containing a cyclohexyl residue in the Pi site 
by a modified procedure for the preparation of 44. The 
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ketal, 47, was prepared by the procedure of Laronze 
Synthetic Communications 21 881. 1991. Hydroboration and 
transesterifcation with R-pinanediol yielded both the 
1<4 . (48) and 1,3-disubstituted (49) boronic acid 
esters. 48 was converted to the corresponding amine 50 
using the reaction pathway described for 44- 



10 



15 



Scheme 13. 






HO OH 

p-TSA, toluene 2. CH 3 CHO 

3. 



46 47 



HO 
HO 





R 3 .[A] B -NH,. Q 



>q3 



49 48 



H 2 N 



50 



Compounds of the invention where Rl is an 
alkylcyclohexyl group and X is a hydroxide, formamidine. 
or guanidine were prepared according to Scheme 14. 
Compound 52 was prepared from 41 by treatment of 43 with 
a sulfonic acid substituted ion exchange resin. 52 was 
converted to 53 by reduction with NaBH*. To form the 
guanidino substituted compound 55, 50 was treated with 
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aminoiminomethane sulfonic acid according to Scheme 7 
The formamidino analog 56 was prepared by treatment of 
50 with ethyl formimidate according to Scheme 6 
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Scheme 14. 



R 3 -[A] D -HN> 



a) 



43 



R 3 -[A] n -HN^ 0 

-b' 





b) 



50 



n = 0or 1 



53 



SEt 

Z-N=C-N-Z 
H 

DMAP 



R 3 -[A] B -HN, 




n = 0 or 1 



R 3 -[A] a -HN, 



H^Pd/C 



NH 

J=UZ 



54 



Ph-SOjH 



Ph-S0 3 H HgN^NH 
NH 




n = 0or 1 



55 
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Scheme 14 (cont'd) 
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50 



NH 
EtO-U-H 




CHO, 
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Compounds of the present invention where Ri i s a 
substituted benzyl group and E is a nonboronic 
acid/ester electrophilic group, such as -co 2 CH 3 - uri 
-C0 2 H, and -CON(CH 3 ) 0CH 3 , were prepared according to 
Scheme 15 from the corresponding substituted 
Phenylalanine ester 61 by following the procedure 
described by Schmidt et al Synthesis 53. 1984 
Accordingly, 57 was cataiytically hydrogenated with Pd/C 
to 58 which was coupled to R3- [A ]n-OH, under standard 
peptide forming conditions, to form 59. Treatment of 59 
wath the substituted aldehyde 65 in the presence of "~ 
Uthium diisopropylamine yielded 60. Hydrogenation of 
60 in the presence of a chiral catalyst, such as ' 
DuPhos™, gave 61. Either the R or s isomer could be 
obtained by the stereo specific hydrogenation of 60 
according to the procedure of Bur* et al J. Am. chem. 
soc. 115, 10125, 1993. 61 was then converted to the 
aldehyde 62 by treatment with diisobutyl aluminum 
hydride. The acid 63 was made from 61 by treatment with 
aqueous base. 63 was then converted to 64 by treatment 
of the mixed anhydride of 63 with N-methoxy-N- 
methylamine. 63 can also be readily reduced with LiAlH4 
to gxve the corresponding peptide aldehyde 62 according 
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to the procedure of Nahm and weinreb Tetrahedron Lett 
22, 3815, 1981. 



Scheme 15. 

z _ n— CH P(0)(OMe) 2 

HI ^ 
COOMe Pd/C 



H 2 N— CH P(0)(OMe) 2 



57 



H 2 



COOMe 
5B 



RW>H R S -|A]— r CH-P(0„OMe fe Lj) 



DCC & HOBt 



I 

COOMe 



CN 



59 



lithium dlisopropyl 
amine 



tf-lAln jj-CH— COOMe 



R 3 -[A]n N — Cr COOMe 



60 




H 



CN 



DuPHOS 



tf-lA]— 1|— f— CHO 
H,C H 



62 






R H—Qz — COOH 



\. N-methylmorpholine 
2. l-butyl chloroformate 



— C v C N OMe 3. Me _jj 

I I 
H Me OMe 
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Inhibitors of the invention wherein E is 
-COC(=CH 2 )OEt. -COCOOEt, -COCOOH. COCOCH3, OR 
-COCONR15R16 are prepared according to Scheme 16 by 
following the procedure of Angelastro et al. J org 
Chem. 54, 3913, 1989. Thus 64 was converted to the 
corresponding vinyl ketone 67 by treatment with the 
lithium salt of ethyl vinyl ether. The ketone ethyl 
ester 68 is obtained by ozonolysis of the double bond 
The corresponding carboxylic acid 69 is obtained by base 
hydrolysis of 68. Acid hydrolysis of 70 gives the 
diketone 70. The corresponding amides are prepared 
using the procedure described by Li et al. J. Med. Chem '< 
36 3472, 1993. The keto function of the keto ethyl 
ester 71 is protected as the 1, 3-dithiolane 72 and 
treated with either ammonia, a primary, or secondary 
amine to give corresponding keto amides 73. The 
bisketo- carboxylic acid esters of this invention are 
prepared by the procedure of Wasserman and Vu 
Tetrahedron Lett. 31, 5205, 1990. 
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Scheme 16. 

O 

a) 8 II 
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t-BuU, ethyl vinyl H J Et ° 
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O- 



72 R* and R" or either 
CN H, alkyt, aryi, or akaryl 



R 3 -[A]„-NH--C C — C— NFTR" 



CH 2 

1 




73 



CN 
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Scheme 17 shows the preparation of nonhoronic acid 
inhibitors wherein E is an ct-ketobenzoxazoline 75, 
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oxazoline 76, a-diazoketone 77, a-monohaloketone 78, and 
a-trihalomethylketone 79. Thus according to the 
procedure of Edwards et al J. Am. Chem. Soc. 114 . 1855, 
1992, 75 and 76 are prepared from 62. 77 is prepared by 
5 treatment of the mixed anhydride of 63 with diazomethane 
using the general procedure of Kettner and Shaw Methods 
Enzymol. 80, 826, 1981. 77 is then converted to 78 by 
reaction with an acid halide using the procedure 
described by Angliker et al. Biochem J. 241, 871, 1987. 
10 79 is prepared from 63 by a modification of the Dakin- 
West reaction (Dakin and West J. Biol. Chem. 78, 91, 
192 8) described by Kolb et al Tetrahedron Lett. 27 157 9 w 
1986. A 



-It' 
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Scheme 17 . 
a) 



R^Aln-NH— P C— <f R3-lA] n -NH-C C { ^f^} 

CH 2 ^ — 6~ * * 0^\^ 

-6™ 




b) 



1. N-methyJrnorphollne 

2. t-Butylchtoroformate 

3. diazomethane 



O 

R -[AJ n — NH — P C— CHN 2 

CH 2 




R 3 -[A]„-NH— C C-C-X 

c" "2 

CH 2 




3 



1. Acp 

2. (CF 8 -CO)P 

3. oxafcactt 




In an alterahte synthesis, the trif luoromethyl 
ketone analog 85 was prepared using a procedure similar 
to that described by Imperial and Abeles Tetrahedron 
Lett. 27, 135, 1986. (Scheme 18) mCyanobenz aldehyde was 
condensed with nitromethane to give the nitrostyrene 81 
which was reduced with NaBH^ using the method 
Bhattachariya et al. Synthesis 886, 1985. The anion of 
the nitroalkane was added to the ethyl hemiacetal of 
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trifluroacetaldehyde to yield 82. The nitro group of 82 
was selectively reduced to give the a-amino alcohol 83~~ 
using N a 2S2 o 3 . 83 is then coupled to an N-protected~~ 
anuno acid or peptide to give 84 which was then oxidized 
to the trif luoromethyl ketone 85 . 

Scheme 18. 
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NMR, proton nuclear magnetic resonance, chemical 
shifts are reported in 6 units, parts per million 
downfield from the internal tetramethylsilane standard. 
Elemental analyses were conducted by Galbraith 
5 Laboratories Inc., Knoxville, TN and Microanalysis inc., 
Wilmington, DE. FAB/MS samples of free boronic acids 
did not give consistent results making it difficult to 
monitor the removal of ester protecting groups by this 
means. However, the presence of the pinanediol and the 

10 pinacol groups are readily observed in NMR spectra. For 
the pinanediol ester, a methyl group is observed at 6 
0.9 and the methyl groups of the pinacol groups are 
observed as singlet at 6 1.1. Following the removal of 
pinanediol protecting group, MS were run by treating the 

15 sample with -2 equivalents of pinacol in methanol for 5 
minutes and evaporating the solvent. Similarly, MS 
samples of free boronic acid, obtained by removal of the 
pinacol, were prepared by treating with pinanediol. In 
some cases, ethylene glycol was used as a matrix for 

20 mass spectroscopy to yield the boronic acid- 

ethyleneglycol ester (designated EG ester). For the 
subsequent Example see Table 1 for analytical data. 

Example 1 

25 Synthesis of Ac- CP) Ph P-Pro-NH-CH [ (CH 2 ) 4CN] BOz-CxpHge 

The intermediate, Ac- (D) Phe-Pro-NH-CH [ (CH 2 ) 4 Br) B0 2 - 
C 10 H 16 , was prepared using the mixed anhydride 
procedure. Ac- (D) Phe-Pro-OH (3.04 g, 10 mmol) was 
dissolved in 50 mL of THF and N-methylmorpholine (1.1 

30 mL, 10 mmol) was added. The solution was cooled to 
-20°C using a CC1 4 dry ice bath and isobutyl 
chloroformate (1.30 mL, 10 mmol) was added. After 5 min 
at -20°C, the mixture was added to HH 2 -CHl(CH2)4Br)B02- 
Cl0 H 16 .HCl (3.81 g, 10 mmol) which was dissolved in 20 mL 

35 of THF and precooled to -20°C. Triethylamine ( 1.39 mL, 
10 mmol) was added and the mixture was allowed to stir 
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for 1 h at -20°C and 2 h at room temperature. Insoluble 
material was removed by filtration and the filtrate was 
evaporated under a reduced pressure. The residue was 
dissolved in 50 mL of ethyl acetate and washed 
subsequently with 75 mL of 0.2 N HC1, 5% NaHC0 3 , and 
saturated aqueous sodium chloride. The organic phase 
was dried over Na 2 S0 4 and concentrated in vacuo to give 
Ac-(D)Phe-Pro-NHCHt(CH 2 ) 4 Br]B0 2 -C I oH 16 (6.01 g, 95 % 

yield). 

The bromide (1.89 g, 3.0 mmol) and tetra-n- butyl 
ammonium cyanide (3.2 g, n. 8 mmol, 4 eq) were dissolved 
in SO mL of acetonitrile. This solution was heated at " 
90°C for 3 h and solvent was removed under reduced 
pressure. The residue was dissolved in 50 mL of ethyl 
15 acetate and was washed with three 50 mL portions of 

saturated aqueous NaCl. The ethyl acetate solution was 
dried over anhydrous Na 2 S0 4 and evaporated to give 2.5 g 
of crude product. It was purified by silica gel 
chromatography using 5% MeOH in CHC1 3 as an eluent to 
20 yield the desired product (0.50 g, 29% yield). 

LRMS (NH 3 -CI) m/e calcd. for M (C 32 H 45 N 4 0 5 B) + NH 4 + : 
594.4. Found: 594. HRMS (KH 3 -CI) m/e calcd. for M 
(C 32 H 4S N 4 0 5 B) + H + : 577.3561. Pound: 577.3555. 

25 Example 2 

Synthesis of Ac- (D) Phe-Pro-WHCHf (ra-O «c(NH)MH 2 1 -bo.. # 
CiqHi 6 » benzene sulfonic acid 

The nitrile, (Example l, 0.40 g, 0.70 mmol), was 
dissolved in 50 mL of a cold solution of saturated HC1 
in methanol and the solution was stirred overnight at 
4°C. The solution was then concentrated under reduced 
pressure. The residue was dissolved in anhydrous 
methanol (50 mL) , gaseous NH 3 was bubbled through the 
solution for 1 h. and the solution was heated at 50 °C 
35 for 3 h. Solvent was evaporated, the residue was 

suspended in minimum volume of methanol, and 0.11 g of 
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benzenesulfonic acid (1 eq) was added. Methanol was 
evaporated and the residue was triturated with hexane to 
yield the desired product as a pale yellow powder (0.52 

g, 99 % yield) . „♦ '■ 

5 ~ FABMS: m/e calculated for M (C 32 H 4 eNs0 5 B) ♦ H : 

594 ,38. Found: 594.14. HHMS(NH 3 -CI) m/e calcd for M 
(C 32 H 48 N 5 0 5 B> ♦ H*: 594.3827 . Found: 594.3824. 

Example 3 

10 synthesis of Ac- ^^.pro-MCHl (CH 2 )_ 3 lgClHHlHlBOaAito 
nr ac- (D)P^-Pro-bor ""r-n(CH=NH) -CipHl6 

Ethyl formimidate.HCl was prepared by the procedure 
of Ohme and Schmitz Angew. Chen,, intemat. Edit. 6 566 
(1967) and Ac-(D)Phe-Pro-boroOrn-C 10 Hi6 was prepared by 
15 the procedure of Kettner et al. (1990). The formimidate 
(1 29 g. 11.7 mmol) and 4-N,N-dimethylaminopyr a dine 
U 44 g) were added to a solution of Ac- (D)Phe-Pro- 
boroOrn-C 10 H 16 .BSA (2.78 g, 3.92 nunol) dissolved in 40 mL 
of ethanol. The resulting solution was refluxed for 8 
n After removal of solvent, the residue was purified 
by chromatography using a column of Sephedex™LH 20 and 
methanol as a solvent to give pure product (1.28 g, 56 

^^LRMSdraj-CI) m/e calcd. for M (C 31 H 46 BN 5 0 5 ) + H+ : 
25 580.3670. Found: 580.3679. 

Example 4 

ljt ^■^ P . o .p, Q .NHCH[(CH 2 L3 -NHC( N H)H]B(0H), 2 
The pinanediol protecting group on the boronic acid 
30 portion Of AC- (D) phe-Pro-NHCHt(CH2) 3"NHC(NH)H] -B0 2 - 
CioHie-HCl (Example 3) was removed by 
transesterification using the procedure we have 
described previously in U.S. Application 08/010731. The 
pinanediol ester (0.30 g, 0.51 mmol) and phenyl boronic 
35 acid (0.31 g, 2.6 mmol) were suspended in 10 «L of a : 
l mixture of ether and water and was allowed to stir for 
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15 



20 



25 



2.5 h at room temperature. The phases were separated 
and the aoueous phase was extensively washed with ether 
The aqueous phase was evaporated to yield a solid This 
material was triturated with ether to give the desired 
product as an amorphous white solid, 0.20 g (83 % 

yield). LRMS (NH3 . CI) m/e calcd for the pinacoi 

M C 27 H 42N5 o 5B , + h*. 528.3. Pound: 528. HRMS (NH3 - 
CI) m/e calcd. for the pinacoi ester M (C 27 H 42 n 5 o 5 b) ♦ 
H : 528.3357. Found: 528.3347. 

Example 5 

Synthesis of Boc-Pro-NHCHf (r H 2l3 NHC(NH)Hl BO .-r, ^ 

Boc-Pro-boroOrn-c 10 H 16 . BS A was also prepar^y the' 
procedure described previously (Kettner et al 1990) 
This peptide (3.0 g, 6.5 mmol, was dissolved in 25 mL of 
absolute ethanol, 4-N,N-dimethylaminopyridine (1 6 g 
12.9 mmol, and ethyl f ormimidate-HCl (1.4 g, 12 . 9 ^ 
were added. The solution was heated on a 85 »c oil bath 
for 1 h. solvent was evaporated and the residue was 
dissolved in methanol and was chromatogramed on a 2 5 X 
100 cm column of lh 20 in methanol to yield 1.3 g of 'the 
desired product. 

I«S (NH3-CI, m/e calcd. for M <C 25 H 4 3N 4 0 5 B) ♦ h + : 
491.5. Found: 491. 



Example 6 

synthesis of »o r - (p) r> hr . Vrn rmnrr f,- , I ; 2 ) 3 . NH c( N h)hi R o. . 
CioHig - ±- 

30 fn J*" reaCti ° n was ™ using the procedure described 
30 for Example 3. Boc- (D) Phe-Pro-boroOrn-C 10 H 16 .BS A (3 7 
9, 4.78 mmol), 4-N,N-dimethylaminopyridine (1.71 g 13 8 
mmol), and ethyl f ormimidate-HCl (1.54 g, 13 . 8 mmol) 
were dissolved in 50 mL of absolute ethanol and was 
heated at 85 'C for 7 h. The desired product was 
35 obtained by chromatography on a column of LH 20 in a 
yield of 1.56 g. 
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HRMS (RH3-CX) m/e calcd for M (C34H52N5O6B) ♦ H* : 
638.4089. Found: 638.4082. 

Example 7 

5 s ynthesis of 

^^^ loHl6 . 0.40 BSA. 0.60 HC1 (Kxample 6. 0.1. 
- 0.22 mmol) and phenyl boronic acid (0.139. 1.1 -»» 
wire Placed in mixture o£ 5 -L of ether and 5 mL of 
10 water and was allowed to stir for 4 h at room 
10 T^erature. The phases were separated and the organic 
phaS e was washed with 5 -L of water. The corned 
Igneous Phases were extensively washed with ether. The 
^eous phase was evaporated and the residue triturated 
,« with ether to yield the desired product as a white 
" : Ud ..10.. — -3-CX. m,e calcd. for the pi^col 
ester M (C 3 0H 48 H 5 O 6 B, - H*. 586.4. Found: =86. HPMS 
(HH3 -C1) m/e calcd. for the pinacol ester M 

»«r+ coc 77 7 6 Found: 5oo. 
(C30H4BN5O6B) * H + : .586.3776. 

20 

Example 8 

, is f " ^^■^•■nHCBiUJCiHaaU^ 

S - Bi ^,Phe-PrO-»HCH t <CH 2 » 3 -»HC ( »B.H,BO 2 -C 1 0B 16 -0. 4 0 

25 BSR 0.60 HC1 (Example 6. 0.20 g. 0.25 mmol) was 

^solved in 2 mL of 4 X HC1: dioxane and was allowed to 
stir for 1 h at room temperature. Solvent was 
evaporated and the Residue was triturated with ether to 
yield 0.18 g of the desired product. 

30 HB» S (BH3-CD m/e calcd for M (C 2 ,H4 4 H504B) H . 

538.3565. Found: 538.3569. 

Example 9 



-77- 
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sa. 0.65 HC1 (Example a. 0.10 g. 0.16 »„ „„ 

- react with phenyl acid accoiaing \HT 

Proce dure in w . 4 to yieid ^ J the 

5 0.053 9 . LRMS (NH 3 -CI) m/e calcd t nr - k P r °a«ct. 

CD m/e calcd for pinacol ester »Tr' „ """^ 
«6.3251 ... !' Mt6r (C " H «N50 4 B, . „♦ = 



10 



486.3251. Found: 486.3255 

Example 10 



20 



25 



30 



35 



H-boroPhB [m-CMI -r^ n^-n^ 

The first Intermediate. Cl-CHICHj- (■- 
: ya T enyl,)BO2 " Cl0H "' ~ EreP " ed — Vanohensyl 

■ : r: ) dichioromethyi >° roMte ^ 

*»t (1.0 g, in 1 * of TO was cool«J to 0-5'c and a 
solutron of a, cyanohensyl bromide ,1.37 - , „ ™ 
7 mL of THF was artrJoH * 9 ' 7,0 "n 101 * 

reaction ^ J ^ (5 Sec/dr °P> - The 

reaction mixture was allowed to stir at 5'C for 2 h * 
nuxture consisting of LiBr (i 22 „ A 

g, 7.0 mmol), and 6 mL of thf was • 

fiaQir . Placed xn a 50 ml 

riask and cooled to -40°r. h h « w 

reagent was add.* k benzylic organozinc 

gent was added by cannulation. The aSxtm was 

allowed to warm to -20'c and stir for 5 min. Zt was 
cooled to -78-C and neat dichloromethyl boronic 
Pxnanediol (1 . 47 g , 5 . 6 ^ wag ^Zse L 

resulting mixture was stirred at -78»c for 2 h h 

room temperature for 2 days. . Saturated I " 
„„ „ M • saturated aqueous NH 4 C1 

oluclT aMed tD rai3ttUre « — 
ether J ^ 20 * ^"-s of 

ether- The coined organic layers was dried over 
"hydrous «g S0 . and evaporated in vacuo to give crude 
compound ,1.8 g,. It was purified by siXica gel 
chromatography where the column was st«™.< <, , 
hexane (loo ml.) and then 1 5% T „ ^ " With 

,ive the desired product 3 g ^ < 2 °° "» « 

g U7% yield). LRMS(MH 3 - 
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CI) »/e calcd. for « <c l9 H 2 ,»o 2 BCl) ».»■ 

1 TO a solution of hexamethyldisilazane (0.21 ml. 
0 98 mmol) in 2 mL of THF at -78«C was added n- 
, ^utylUtninn U.45.H. 0.67 .... — 1) - The solution 

.as allowed to slowly war. to room temperature to ensure 
the anion generation was complete. The 
solution -as then cooled to -78'C and Cl-CH CH,- <- 
= y anophenyl.)BO s -C 10 H 16 (0.22 9. 0.98 m^l) in 2 ml. of 
10 THT was added. The fixture was allowed to wans to room 
temperature and to stir overnight. Solvent was 
evaporated and 8 ml, of hexane was added to gxve a 
suspension. HC1 in dioxane U.l ». 1.. «•<» —» 
was added at -78'C. The mixture was slowly warmed to 
1S Z* temperature and stirred for 2 h. 

(« mL> was added and crude product was isolated as a 
p«ciPi«te. This Product was dissolved in chloroform 
and insoluhle material was removed by filtration. The 
tiltrate was evaporated at a reduced pressure to give an 
20 oil (-0.2 g) . Final purification was achieved by 

20 oiJ- v s _ cspohedex™ LH 20 column 

chromatography ona column of Sepheaex ™ r , nHl „ H ci 
using methanol as a solvent. H-boroPhe (m-CN) -C10H16 HC1 
rained as an oil (0.1, 34* ^la) 
CI) m/e calcd. for M (C 19 H 26 BH 2 0 2 ) * H- 325.2087. 

25 Found: 325.2094. 

Example 11 

||lir - i , Qf ,..m)Phe-Pro-horoPhe<m-CN)-Cx^x6 
Ac -(D)Phe-Pro-OH (0.10 9, 0.33 mmol) and N- 
30 methylmorpholine (0.037 mL, 0.33 mmol) were allowed to 
7eZ wi" isobutyl chlorof ormate (0.0.3 mL, 0. -o 
• «; ™t. of THF at -20-C. After 5 min, H-boroPhe (m-CN) 
xn 5 mL of THF at: dissolved in 

CioHiS-HCl, (Example 10, 0.12 g, 0.33 mm 
3 L of cold THF and triethylamine (0.046 mL. 0 33 mmol) 
35 were added. The . mixture was allowed to stir at -20 C 
' for 1 h and to stir at room temperature for an 
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additional tour iMoiub 

^"ration and solvent was eva * " ren ° ved * 

"ssolved ia ethyl ™ Tne residue was 

«. 5 . »aHC0 3 . and satJrat* 

evaporated in vacuo to give o T ' °' — 

Purified oy ohro^atographv on' a M 0il ' 

20 yielding 0.13 g of 2 Colvm "f Sephedex*. y, 

«»««■<,-«> »/e caiod for « IT*"" MM • 
0 «"-3«5. round: sii. 3 . 16 ♦ H* = 

-3) was dissolved in 5 m. of " -""""P 1 ' (50 

in «>„„, rae s solution of HC1 

" « -C After removal of s"ven t ^ " "~»*»* 
resuspended in s nt C f residue was 

0-C and anhydrous ^ -^'S^"" 1 ' ^ <° 
f " h. it was nested at 6 "c £ * S ° 1U "° n 
«s evaporated and one eouill ! 62 ^ So1 ™* 

•as evaporated under „ 2 and t^Tn ^ SWv °« 

»ith ether to give the desired trit -"ed 
— « l« 100, yieldT 1^2" " « «»*- 

3S '°- Fou °a= 628.3688. ^ 
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^^^^^^^ 

« or methanol, 10% pa/ c ,« J 11,816 " M in 5 

were added, and the nirt Je ^ st T °- 1S HC1 ».« «, 
tenperature for 2 . s „ "*» — « % at roos, 

through celite and washed J"' flUerSd 
«ltr«e was concentrated ^ 6r a ~ " "■"^ - 
the residue was triturated with IZ ^^'Zl 
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product as white powder (15.6 mg. 59% yield). HRMS(NH 3 - 
CI) m/e calcd. for M (C35H47N4O5B) ♦ H*: 615.3718. 
Found: 615.3700. 

5 Example 14 

c ynt-hPHia of ac- fD)Phe-Pr o-boroPhe(m-Br) -CioHie 

CI - CH [CH 2 - (m-bromo - phenyl ) 1 B0 2 - C I0 Hi6 was prepared 

making the anion of ra-bromobenzyl bromide and coupling 

it to dichloromethyl boronic acid pinanediol. This 

10 intermediate and the corresponding amine were prepared 

using the procedure described for Example 10. The amine 

was coupled to Ac- (D) Phe-Pro-OH using the method 

described in Example 11. 

LRMS(NH 3 -CI) m/e calcd. for M (C 3 4H 4 3N305BrB) ♦ H + : 

15 666.3. Found: 666.2. 

Example 15 

g yn^sia of Ac- (D> Phe- Pm -boroArg (CN) -Ci pHis 

Ac- (D)Phe-Pro-boroOrn-CioHi6-HCl (0.15 g, 0.25 

20 mmol), triethylamine (0.035 mL. 0.25 mmol), and diphenyl 
cyanocarbonimidate (Aldrich, 0.060 g, 0.25 mmol) were 
heated at a gentle reflux for 5 h in THF and then 
stirred overnight at room temperature. The sample was 
diluted with chloroform and washed with water and 

25 saturated aqueous NaCl. It was dried over K 2 C0 3 and 
purified by silica gel chromatgraphy using methanol: 
chloroform (1:9) as a solvent to yield 80 mg of Ac- 
(D) Phe- Pro-NH- CH [ (CH 2 ) 3 -NH- C (N- CN) 0- Ph) B02 - C10H16 . 
LRMS(NH 3 -CI) m/e calcd. for M (C38H49N6O6B) + H + : 

30 697.7. Found: 697. 

The above product (0.060 g, 0.080 mmol) was 
dissolved in 0.5 mL of THF and was allowed to react with 
1 equivalent of 30% aqueous ammonia for 30 min at room 
temperature. Four additional equivalent of ammonia were 

35 added and the solution was allowed to stir overnight at 
room temperature. A large excess of ammonia was added 
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and the reaction mixture was allowed to stir 2 days at 
room temperature. The reaction mixture was diluted with 
methylene chloride and was washed with water and 
saturated aqueous NaCl. it was dried over K 2 C0 3 and 
5 purified by chromatography on a silica gel column using 
methanol and chloroform .(1:9, as a solvent to yield 15 
mg of the desired product. LRMS(nh 3 -ci) m/e calcd. for 
M (C 3 2H4 6 N 7 05B) ♦ H + : 619.5. Found: 620. 

10 Example 16 

Synthesis of An- (p) Phe- Pho- hproPhe ( p.ru } ^ £ 

ClCHtCHz^-p-CNjBOsdoHie was preparedly making - 
the anion of p-cyanobenzyl bromide and coupling it to # 
dichloromethyl boronate pinanediol. This intermediate 
15 and the corresponding amine were prepared using the 
procedure described for -Example 10. nh 2 ch [C^C^-p- 
CN]B02C 10 H 16 (Example 78) was coupled to Ac- <D) Phe-Pro- 
OH using the method described in Example li 

HRMS (NH 3 -Cl)m/e calcd. for M (C 35 h 43 n 4 o 5 b) + H * : 
20 611. 3 405. Pound: 611. 3 408. 

Example 17 
Synthesis of Bop- fn) Phe-Pro-hnr-op^ 

Boc-(D,Phe-Pro-boroPhe(inCN)-c 1 oH 16 was prepared by 

25 reacting Boc-(D)Phe-Pro-OH (0.43 g, 1.2 mmol, H - " - s 
boroPhe(mCN)-C 10 H 16 .HCl (0.42 g, i. 2 mmol, , n- # 

methylmorpholine (0.26 mL, 2.4mmol), 

hydroxybenzotriazole.H20 (0. 36 g, 2.4 mmol), and 

dicyclohexylcarbodiimide (0.25 g, 1.2 mmol) in 20 mL of 

dichloromethane overnight at room temperature. The 

reaction mixture was filtered and the filtrate was 

chromatogramed on a 2.5 X 100 cm column of Sephedex lh- 

20 in methanol to yield 0V36 g of the desired product 
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Example 18 

Synthesis of h- (d) Phe.p™.K o roPhe , mrm -c^ gis-gci 
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Boc- (D) Phe-Pro-boroPhe(inCN) -C10H16 (0.21 g) was 
allowed to react with 2 mL of 4 N HCl dioxane for 2 h at 
room temperature. Solvent was removed by evaporation 
and the residue was triturated with ether to yield 0.11 
5 g of the desired product as a white solid. 

Example 19 

S ^thesis of H- (D ) Phe-Pro-boroPhe (mCN) -OH*HCl 

H- (D)Phe-Pro-boroPhe(mCN) -CioHi6*HCl (0.63 g, 1.0 
10 mmol) was allowed to react with 5 equivalents of 

phenylboronic acid using the procedure described for 
Example 7 to yield 0.46 g of product. 

Example 20 

15 s ynthesis of NJ* Dimeth y l - (D) Phe-Pro-boroPhe (mCN) -OH'HCl 
H-(D)Phe-Pro-boroPhe(mCN) -0H»HC1 (0.20 g, 0.42 
mmol), 37% aqueous formaldehyde (0.34 mL, 4.2 mmol) were 
dissolved in 2 mL of acetonitrile. Sodium 
cyanoborohydride (0.080 g, 1.3 mmol) was added and after 

20 5 min glacial .acetic acid (20»iL) were added. The 

reaction pH was -7. After 5 h, additional acetic acid 
(20 ML) were added and the mixture was stirred for 1 h. 
The reaction mixture was poured into 20 mL of ethyl 
acetate and the organic phase was washed with 10 mL of 

25 saturated aqueous sodium chloride and dried over 
anhydrous sodium sulfate. Evaporation of solvent 
yielded 0.16 g of an oil which was triturated with ether 
to give a white sol^d. 

30 Example 52 

fi yni-hesis of » r.-{n)Pha-Pro-MH- 
CH[(CH -))^ SC(NH)NHCH ^1B(0H)2 

The intermediate, Ac- (D)Phe-Pro-NH- 
CH[(CH2)3Br]B02CioHi6» w * s prepared using the mixed 
35 anhydride procedure of example 1. A solution of this 
bromide (0.35 g, 0.57 mmol) and l- me thyl-2 -thiourea 
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(0.077 g, 0.85 mmol) in 10 mL of absolute ethanol was 
refluxed for 18 hours. After cooling the solvent was 
removed under vacuum, and the product was separated from 
excess thiourea employing chromatography (elution: 
5 methanol) on Sephadex® LH-20 gel to provide 0.31 g m%) 
of the isothiouronium product. This boronic acid ester 
(0.28 g) was then deprotected as described in example 4 
to afford 0.13 g (57%) of the desired product. LRMS 
(ESI) m/e calcd. for M (C22H34BN5O5S) ♦ H + : 492. Found: 
10 492. HRMS (NH3-CI) m/e calcd. for ethylene glycol ester 
M (C24H36BN5O5S) ♦ H+: 518.260847. Found: 518.261656. 

Example 54 (| 
Synthesis of Ac- (D) Phe-Pro-NH-CH ( frw ? ) 7 NHC (NH) NHCH^ I - 
15 B(0H)<> 

A solution of Ac- (D)Phe-Pro-boro0rn-B0 2 C10H16»HCl 
(0.50 g, 0.85 mmol, prepared by the procedure of Kettner 
et al.(i990)J, 4-methylaminopyridine (0.21 g, 1.7 mmol), 
N-methylamino-iminomethanesulfonic acid (0.24 g, 1.7 
20 mmol) , and 10 mL of absolute ethanol was refluxed for 18 
hours. After cooling the mixture was filtered and the 
precipitate was washed with chloroform. The combined 
filtrates were concentrated under vacuum, and the 
residue was dissolved in' 10 mL of chloroform. The • 
25 chloroform solution was washed with ice-cold 0.1 N g 
hydrochloric acid (2 X 3 mL) , ice-cold water (2 x 3 mL) , * 
and brine. The resulting organic solution was then dried 
over anhydrous magnesium sulfate, filtered, and 
concentrated. The product was purified employing 
30 chromatography (elution: methanol) on Sephadex® LH-20 
gel to provide 0.30 g (55%) of the guanidine. This 
boronic acid ester was then deprotected as described in 
example 4 to afford 0.14 g (59%) of the desired product. 
LRMS (NH3-CI) m/e calcd. for ethylene glycol ester M 
(C24H 3 7BN 6 0 5 ) + H + : 501. Found: 501. HRMS (NH3-CI) m/e 
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calcd. for ethylene glycol ester M <C 2 41.37 BN 6 0 5 ) ♦ H* . 
501.299674. Found: 501.300760. 

Example 102 

5 sis Of R0 cMD)Phe-Pro-NH-CHr^CH2l3lOlljH2llBO^ 

C10H16 

Part A Boc-(D)Phe-Pro-NH-CHI(CH 2 ) 3 -0-phthalimiae]- 
B0 2 -C 10 H 1S (3.0 9. 4.5 —»">. "iethylamine (1.9. M 
X0 »m.oles>.and H .hydro*yphthalimide [0.80 ,. ... -^-1 

were dissolved in 10 ml of DMF and heated at 1O0-C for 3 
fes. The solution was cooled to room temperature and 
2 „0 ml of cold water were added to yield a thick oil. 
Liq uid was removed and the residue was dissolved in 



15 
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absolute ethanol and evaporated. The rescue was 
aissolvea in methanol and chromatographea on a column of 
sephede* LH20™ to yield 1.5 g of the desirea product^ 

Zl. Calcd for M ,C 41 H 53 » 4 0 9 B, ♦ NH4. : 774.4. Found: 



20 Part B. The phthalimido protected amine (0.30 g. 
* o.40mmoles) was dissolved in 3 ml of CH 2 C1 2 and 

hy arasine hydrate (0.024 ml, 0..4 mmoles) ana 0.02 ml of 
methanol were adaea ana the solution was allowea to stir 
for 24 hrs. solias were removea by filtration ana the 
25 filtrate was evaporated. The resiaue was aissolvea in 
ethyl acetate ana solias again were removea by 
filtration. The solution was aoiafiaea by the addrton 
of 2 N HC1 in ether to approximately pH 3. (PH measurea 
on a strip of aamp pH paper) ahd the solvent was 
30 evaporatea. The residue was chromatographed on an LH 
oolumn to yield the desired product. 0.13 g. Anal- 

CalCd. for « (C33B51H407B. ♦ H= 627.4. Found: 627. 

Example 103 

35 synthesis of pb-cH^ -^Phe-^o-NH-CHKCH aU^Ha^ 

BO2^Cl0Hl6 
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B °2-Cl 0 H 16 (0.50 g, 0 66 ^ \ 3 ' 0 ' Pht ^^e) - 

birring f or i hr with 4 ml . locked by 

c; «. ltn 4 nil of 4 m wr*i • 

5 SOlvent evaporated ^ t - * " HC1 ln «°»ne. „» 

» Bi „ o.„ 3 o f z: uct ;:" ue triturate<s 

P *« B. H- (D) Phe-Pro-HH-CH^L, " BCi 

**l.-a g , 0. 29 ^ s TtV O d Phthalinide, - B ^- 

ot 50% dioxane, uate ' «• dissolved i„ 4 nl 

«•■•«*. 0. 32 „ oles) ^ chloric 
-~ed £or s at ^nj^- - — was 

removed by evaporation rJT S ° lvent «• 

« 2 ci 2 „, Md tt a Shed ^ th re 0 " 2 r„ was aiss ° ivea *° • 

15 «*HC0 3 (10 so.,. ^ saturate* a HC1 '» Su.,. s, 

or.anic iaver was driea o"e r ~ S ^ • »• 

« evaporated to yiela 0 . 18 ""ered. 
Protected a*inooxy product L, phtl »^do 
""•>*. 028.4. P oJ d! Cal «- 'or ,« . 

Part c. The final product 

Phthali^iao protecting group * r ~» ">* 

Previously. Anal. Calcl £r I Tr - Ascribed 

"1.4. Pound: 681. ""^0,88)^, 

25 

. Example 104 

"ere dissolved in 5 ml of ° " •»« 

f " > -ditiooai cyllt"' ^ ^ « »-"-e 
added and heatin 3 continutT ior " ^ m ° les) — 
"*«ure was cooled to y i e « " ''"""-a 1 i *r. The 
layer was discarded and £ «««.. Tne top 

wlth eth " " d «- — — ZZLZ SST 
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solid (0.15 g) . The crude product was purified by 
chromatography on aLH-20 column to yield 0.12 g. Anal. 
Calcd. for M (C34H53N6O7B) ♦ H: 669.4. Found: 669. 

5 Example 124 

Synthesis of Ac- (D) Phe-Pro-NH-CH [CH2-X1B02-C10H16 (X=4- 

amlno-cyclohexyl) . 

Part A. The protected vinylic cyclohexanone (Scheme 

10 12, 3 5) was prepared by first dissolving potassium t- 
butoxide (11 g, 0.10 moles) and methyltriphenyl 
phosphonium iodide (39 g, 0.10 moles) in 500 ml of 
0 anhydrous toluene, heating to reflux, and slowly adding 

cyclohexadione monoethylene ketal (15 g, 0.10 moles) as 

15 a toluene solution. The reaction mixture was refluxed 
for 3 hrs and then cooled to room temperature. It was 
poured over ice and. the product was extracted into 
ether. The organic solution was washed with saturated 
aqueous NaCl (1 x ,250 mL) and dried over anhydrous 

20 sodium sulfate. The organic solution was filtered and 
concentrated and applied to a silica gel column 
equilibrated with ethyl acetate: hexane (1: 5) to yield 
the desired product, 12 g, as a colorless oil. 
Part B. The product of Part A (8.5 g, 55 mmoles) was 
^ 25 dissolved in 5 ml of anhydrous THF and added dropwise to 

r 50 mmoles of diisopinocamphyl borane in 18 ml of THF. 

at O a C. The diisopinocamphyl borane was prepared prior 
' to the reaction by a published procedure (Brown et al. 

J. org. Chem 47, 5065, 1982). After stirring for 1 hr 

30 at 0 Q C, anhydrous acetaldehyde (8.8 g, 200 mmoles) was 
added dropwise and the reaction stirred for 36 hr at 
room temperature. The solvent and alpha pinene were 
removed by evaporation and pinanediol (8.5 g, 50 mmoles) 
dissolved in 40 ml of THF was added. Solvent was 

35 evaporated after 3 hrs to yield the desired crude 

product which was purified by chromatography on silica 
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gel using ethyl acetate: hexane (1: 5) to give the 
purified product in a yield of 96%. 

Part C. The product of Part B (7.9 g, 24 mraoles) and 
methylene chloride (3.6 g, 42 mmoles) , were dissolved in 
5 200 ml of anhydrous THF and cooled to -7 8 B C Lithium, 
diisopropylamine (38 mmoles) , prepared by treating 
diisopropylamine (3.8 g, 38 mmoles) with 2 5 mL of 1.5 M 
n-butyl lithium in hexane (38 mmoles) in 20 ml of THF, 
was added dropwise. Anhydrous ZnCl2 (6.8 g r 50 mmoles) 

10 dissolved in 50 ml of THF was added and the reaction 
mixture was allowed to stir overnight at room 
temperature. Ether was added and the insoluble material 
removed. The organic phase was washed with water and { 
dried over anhydrous MgS04. The crude product was 

15 purified by silica gel chroma trography using ethyl 
acetate: hexane to yield 8 g. 

Part D. The product of Part C (1.3 g, 3.4 mmoles) was 
dissolved in 25 ml of THF and cooled to -78"C. This 
solution was added at -78 °C to a solution containing the 

20 lithium salt of hexamethyldisilazane, which had been 
prepared by treating hexamethyldisilazane (2.9 g, 18 
mmoles) in 10 ml of THF with n-butyl lithium (1.5 N in 
hexane, 12 ml, 18 mmoles), at -78°C followed by warming 
to room temperature. After completion of addition, the 

25 mixture was warmed to room- temperature and stirred 

overnight. Solvent was evaporated and the residue ^ 
dissolved in 100 ml of ether and 100 ml of pentane to 
yield a precipitate of LiCl. This solid material was 
filtered and the mother liquor concentrated. The 

30 product, approximately 9;0 g (18 mmoles), was dissolved 
in 40 ml of ether and was treated with 55 ml of 
anhydrous 1 N HC1 in ether at -7 8 B C. The mixture was 
allowed to warm to room temperature and stirred 
overnight. Solvent was evaporated to yield the desired 

35 product, 7.0 g, as a foam. 
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Part E. Ac- (D)Phe-Pro-OH (3.1 g, 10 mmoles) in 50 ml 
of THF, N-methylmorpholine (1.1 ml, 10 mmoles) and 
isobutylchloroformate (1.3 ml, 10 mmoles) were mixed at 
-20«C. After 5 min, the product of Part D (4.0 g, 10 
5 mmoles) was added at -20-C as a 75 ml solution in THF. 
Triethylamine (1.4 ml. 10 mmoles) was added and the 
mixture was stirred for 1 hr at -20-C and 3 hrs at room 
temperature. Solvent was evaporated and the residue was 
chromatogramed on LH-20 using methanol as a solvent. 
10 Additional purification was achieved by chromatography 
on silica gel using a stepwise gradient from 1% methanol 
to 10% methanol in chloroform to yield -4.5 g of the 
desired product. 

Part F. The product of Part E (0.10 g, 0.15 mmoles) 
15 was converted to the ketone by dissolving it in 5 ml of 
dioxane and adding it to 5 ml of an aqueous suspension 
of BioRad AG50-X8 resin (H+ form) . The mixture was 
stirred overnight, filtered, and evaporated. The 
residue was chromatogramed on silica gel using 
20 chloroform: methanol (9: 1) as a solvent to yield 75 mg 
of the desired product. Anal. Calcd for M (C34H52N4O6B) 
+ NH4 + : 623.4. Found: 623. 

PartG. The ketone, Ac- (D)Phe-Pro-NH[CH2-X]BO2-Ci0Hi6 
(X=4-cyclohexanone) (0.10 g, 0.17 mmoles), ammonium 
25 acetate (0.13 g, 1.7 mmoles) and sodium cyanoborohydride 
(10 rag, 0.17 mmoles) were dissolved in 5 ml of methanol 
and stirred for 48 hrs. Anhydrous HCl (1 equ) was added 
and the reaction mixture was evaporated. The residue 
was chromatographed on a column of LH-20 using methanol 
as a solvent to yield 7 0 mg of the desired product. 
Anal. Calcd. for M (C34H51N4O5B) ♦ H: 607.4. Found: 

607. 
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Example 125 

35 synthesis of Boc- (D) Phe -P™-™*-™ fCH ? -Xl -B02-CiqHi 6 _(X_^ 

4 - amino • cyclohexyl ) . 
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Part A. Following the procedure of the previous 
example, Boc- (D) Phe-Pro-OH (2.9 g, 8 .0 mmoles) was 
coupled to the alpha -aminoboronic acid to yield 3.6 g. 
5 Anal calcd. for M (C3 8H56N 3 0 8 B) ♦ H: 694.5. Found: 
694.4. 

Part B. The peptide ketal (Scheme 12, 43) (4.0 g, 5.7 
mmoles) was converted to the ketone 44 in a yield of 2.5 
g. Anal. Calcd for M (C 36 H52N 3 07B) ♦ H: 664.5. Found: 
10 664.4. 

Part C. Reductive amination of 44 (1.0 g, 1.5 mmoles) 
yielded 0.7 8 g of the desired product. Anal. Calcd. for 
M (C37H 5 7N 4 0 6 B) +H: 665.5. Found: 665.4. | 

15 Example 126 

Synthesis of Boc- ( D) Phe-Pro-NH-CH fxl Rn ^-r, 6 _jx=4- 

cyclohexylamine) . 

Part A. Cyclo-3-hexenone ketal was prepared by the 
20 procedure described by Laronze et al Synthetic 

Communications 21, 881, 1991. Cyclo-2-hexenone (20 g, 
0.21 mol), ethylene glycol (48 g, 0.7 8 mol) , and p- 
toluene sulfonic acid (3.0 g, 0.016 mol) were dissolved 
in 750 ml of toluene in a round bottom flask equipped 
25 with a Dean Stark trap and a reflux condenser. After | 
refluxing overnight and removing water, the flask was 
cooled to room temperature and the toluene solution was 
washed with saturated aqueous NaCl (1 x 500 mL) . The 
aqueous layer was washed with methylene chloride (1 x 
250 mL) and the combined organic phases were evaporated. 
The crude product was purified by chromatography on a 
silica gel column using ethyl acetate: hexane (1: 7) to 
yield 13 g. 

Part B. The product of -Part A (1.8 g, 13 mmoles) was 
hydroborated and converted to the pinanediol ester using 
the procedure described in earlier examples. 
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Chromatography on silica gel using ethyl acetate: hexane 
(1: 7) and a 1: 4 0 ratio of crude product: silica gel 
gave a mixture of 1,3- and 1,4- disubstituted boronic 
acid ester (Scheme 13, 48) in a yield of 3.7 g. Anal. 
5 Calcd. for M (C18H29O4B) ♦ H: 321.3. Found: 321.1. 
Part C. Homologation of the product of Part B (1.2 g, 
3.2 mmoles) and purification by silica gel 
chromatography gave 1.3 g of a mixture of 1.3 and 1.4- 
disubstituted a-chloro boronic acid isomers. Anal. 
10 Calcd. for M (C19H30O4CIB) + H: 369.3. Found: 369.1. 
Part D. The a-chloro boronic acid (Scheme 9, XI) (1.2 
>g, 3.3 mmoles) was converted to 1.3 g of the ketal 
protected amine hydrochloride. 

Part E. Boc- (D)Phe-Pro-OH (1.3 g, 3.3 mmoles) was 
15 coupled to 1.2 g of the product of Part D. Following 

purification using silica gel chromatography with 

chloroform: methanol (It 9), 0.60 g of the desired 

product was obtained. Anal. Calcd. for M (C38H56N3O8B) 

+ H: 694.5. Found: 694.4. 
20 Part F. The side chain ketone was generated in almost 

quantitive yield following the procedure oulined above. 

Anal. Calcd. f or ,M (C36H52N3O7B) + H: 650.5. Found: 

650.4 

Part G. The final product was obtained by reductive 
25 amination of the product of Part F (0.20 g, 0.31 

mmoles) . The desired product was obtained in a yield of 
0.15 g. Anal. Calcd. for M (C36H55N4O6B) + H: 651.5. 
Found: 651.2. 

30 Example 127 

Synthesis of Boc- (D) Phe-Pro-NH-CH tCH:>-X] BOs-Ci pHie (X=4- 

hvdoxy-cvclohexyl) . 

Boc- (D) -phe-Pro-NH-CH[CH2<4-oxocyclohexyl) ]B0 2 - 
35 CioHi 6 (0.50 g, 0.75 mmoles) was dissoved in 2 ml of 
anhydrous methanol and sodium borohydride (50 mg, 1.3 
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»*ole S) was added. After 30 min. additional KaBH. ,3, 
-»l was addad. After 30 i». the reaction „i«« e wa 
conce ntrated. water .as added, and the reaction^ 
was concentrated a second ti„e. sillca m3ttU " 
5 ^° ma ' C,9ra ^ ° £ "e residue yielded 200 » 3 of the 

666.5. Found: 666.4. 



Example 128 
guanidino -cvclnhov^ ri \ 

Part A. Boc-(D)Phe-Pro- NH -CH[CH 2 M4- N H 2 - fl 

cyclohexyl)]B0 2 -CioH 16 ( 0 .78 g i , , I 

ic iw J-o>«-'«>H,x.i nunoles) , n n- 

15 dimethylaminopyridine (0.14 g i i mm „i » 

Et)-NH-Z (o 43 11 ^ x S> Z ' N!=C <S- 

lsnn , ( * 43 ' 1 - 1 nBnoles) we ^ suspended in 7 ml of 
isopropyl alcohol and heated to 50 -r to «h„ 
solution. After 5 .* & * * com P 1 ete 

Arter 5 hrs. , the solvent was ev-™^- ^ 

the residue dissolved in 50 ml of J h T eVaP ° rated 

20 r«r - — — ----.rid 

saturated aqueous BaCl (50 «.) . The product was dri»„ 

™ "* " a2SM - fiUerea - ~ — ^ 

residue was purified by silica «i „k 

3% methanol in ethyl aLL\ Aortography using 

y acetate as a solvent. The hi* 
25 carbobenzoxy protected guanidine was ism \ T 

foam, 0.95 g. Anal CaicT 7 ls ^ated as a white j 

375.6. Pound.. " ^ 

waTdi* , ^ Pr ° dUCt ° f ^ A (0 ' 79 -oles) 
was dissolved in 20 ml of methanol an* k 

30 Parr apparatus at an in ,> / hydrogenated in a 

pparatus at an xnxtial pressue of so psi in th* 
Presence of benzene sulfonic acid (0 13 a 71 
anr? n cn ~ ^ iu.aj g, 0.81 mmoles) 

allied to . coin™ of ^0 iT hl\~ T d ~ 
5 product was obtained in a yield of 0 « a ^ f ^ 
<»r M (C3SH 59H6 0 6B) ♦ H! ,07.5. Pou^: ^ °* 1C *- 
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Example 129 
s ynthesis of boc- (D) Ph e-Pro- (R) Phe(mCN) -OMe 

5 Part A. z-HH- CHIP (OMe) 2 3COOMe (5.0 g, 15 mmoles) was 
dissolved in 50 ml of methanol and hydrogenated in a 
Parr apparatus (inital pressure 40 psi) in the presence 
of 0.40 g of l0%Pd/C. After one equivalent of hydrogen 
was consumed, the catalyst was removed by filtration and 
10 the filtrate was evaporated to give the free amine. 

Part B. NH2-CH[R(OMe) 2 ]COOMe (2.5 g, 13 mmoles), Boc- 
(D)Phe-Pro-OH (4.6 g. 13 mmoles), N-methylmorpholine 
(1.4 ml, 13 mmoles), and hydroxybenzotriazole.H 2 0 (3.9 
g, 25 mmoles) were dissolved in 150 ml of methylene 
15 chloride and dicycolhexylcarbodiimide (2.6 g, 13 mmoles) 
was added. The mixture was allowed to stir overnight at 
room temperture. Insoluble material was removed by 
filtration, and the filtrate was evaporated. The 
residue was dissolved in ethyl acetate and washed with 
20 5% NaHC0 3 (150. mL) ,. 0.20 N HCl (150 mL) , and saturated 
aqueous NaCl (150 mL) . After drying over anhydrous 
M gS0 4 and evaporating, a white solid (5.7 g) was 
obtained. Anal Calcd. for M (C 24 H 3 6N30 9 P) + H: 
542. 22 7. Found: 54 2 .225. 
25 Parte. Boc- (D)Phe-Pro-NH- CH[P (OMe) 2 ] COOMe (1.4 g, 2.6 
mmoles) was dissolved in 7 ml of THF and was added 
dropwise to a -78-C solution of lithium diisopropyamine 
(prepared by dissolving diisopropylamine (0.41 ml, 2.9 
mmoles) in 5 ml of THF and adding 1.6 N n-butyl lithium 
30 in hexane (1.7 ml, 2.6 mmoles at 0-C) . During the 

addition, a precipitate formed which was dissolved by 
warming the reaction mixture to 0-C for 5 min and 
recooling to -7 8« C . m- cyanobenzyaldehyde (0.35 g, 2.6 
mmoles) was dissolved in 3 ml of THF and added dropwise 
35 to the reaction. The reaction was allowed to warm to 
room temperture and stir for approximately 3 hrs. The 
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solvent was evaporated, and the residue was dissolved in 
50 ml of ethyl acetate and washed with saturated aqueous 
NaCl (50 mL) and was dried over anhydrous MgS0 4 . After 
evaporation of solvent, the a, p- unsaturated product 1.4 
5 g, was obtained as a foam. 

Part D. The product of Part C was hydrogenated in the 
presence of DuPHOS catalyst according to the 

procedure of Burke et al. J. Am. Chem. Soc, lis, 10125, 
1993. The desired product with the a- carbon in the R 
10 configuration was obtained. Anal. Calcd. for M 
(C30H36N4O6) + H: 549.271. Found: 549.271. 
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Example 130 
Synthesis of Boc- (D)Phe-Pro- (S) Phe(mCN) -QMe 



This was prepared according to the procedure of the 
above example except that the hydrogenation was done 
using (S,S)DuPHOS to give the desired product. 
Anal. Calcd. f or M (C30H36N4O6) + H: 549.271. Found: 
20 549.271. 



Example 131 
Synthesis of Boc-Pro- IS) Phe(mCN) -oma 

25 Part A. Boc-Pro-OH was coupled to NH2- 

CHfP(o) (OMe) 2 ]C00Me by the above procedures to give Boc 
Pro-NH-CHtP(o) (OMe) 2 ]COOMe. Anal Calcd. f or M 
(C15H27N2O8P) + NH 4 +: 412.2. Found: 412. 
Part B. The product of Part A was coupled to m- 
30 cyanobenzaldehyde to give the a, p : unsaturated dipeptide 
analog. Anal. Calcd. for M ^211125^05) + NH4* : 417.2. 
Found: 417. 

Part C. The product of Part B was reduced using 
(S,S)DuPH0S catalyst to yield Boc- (L) Pro- (L) Phe(mCN) - 
35 (Me. Anal. Calcd for M (C21H27N3O5) + nh^*: 4 19 . 
Found: 419. 
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Example 132 
s ynthesis of Boc-Pr o-Phe (mCN) -OH. 

5 Boc-Pro-Phe(mCN) -OMe (3.8 g, 9.5 mmoles) was 

dissolved in 16 ml of 50% dioxane: water. NaOH (0.42 g, 
10 mmoles) was added and the solution was stirred 
overnight at room temperature. Dioxane was removed by 
evaporation, and the solution was diluted to 100 ml with 
10 water. After acidifying to pH <2 with HCl, a 

precipitate was obtained. It was isolated and then 
recrystallized from ethanol: water to yield 2.3 g (m.p. 
183-185»C). Anal. Calcd for M (C20H25N3O5 4 H 388.2. 
Found: 388.1. 

15 

Example 133 
s ynthesis of Boc-Pro-Phe (mCN) -N(Me) -OMe 

Boc-Pro-Phe(mCN)-OH (2.1 g, 5.4 mmoles) and N- 
20 methylmorpholine (1.3 ml,12 mmoles) were dissolved in 35 
ml of methylene chloride and cooled to -5«C. 
isobutylchloroformate (0.70 ml, 5.4 mmoles) was added, 
and the solution was stirred for 15 min at -5-C. N- 
Methyl-N-methoxyamine (0.87 g, 9.0 mmoles) was added and 
25 the mixture was stirred 45 min at -5-C and 3 hrs at room 
temperature, water (35 mL) was added and the phases 
were separated. The aqueous phase was washed with 
methylene chloride (lx 50 mL) and the combined organic 
phases were dried over MgS0 4 and evaporated. The 
30 product was purif ied by chromatography using ethyl 

acetate: hexane (2: 1). The product was recrystallized 
from ethyl acetate: hexane to yield 2.0 g (mp 130- 
132»C). Anal. Calcd for M(C 2 2H30N4C>5> ♦ NH4 + : 448.3. 
Found: 448. 
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Example 134 
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Synthes is of Boc- Pro- Phe (aiCN} -c (pet ) »fH 7 

Ethyl vinyl ether (1.2 ml, 12 mmoles) was dissolved 
in 25 ml of THF and cooled to -78»C. t-Butyl lithium 
(S.8 ml, 12 mmoles) was added and the reaction was 
warmed to 0»C and stirred fdr 30 min. Magnesium bromide 
etherate (12 mmoles) was added, and the mixture was 
stirred for an additional ;30 min. Boc-Pro-Phe (mCN) - 
N(Me) -OMe (l.o g, 2.3 mmoies) , dissolved in 5 ml of THF, 
was added to the reaction mixture. The reaction was 
warmed to room temperature and stirred for 3 hrs. 
Saturated aqueous NH4CI (10 ml) was added and solvent 
was evaporated. The residue was dissolved in ethyl 
acetate (5 0 mL) and washed with water (50 mL) and 
15 saturated aqueous NaCl (50 mL) . The organic phase was 
dried over MgS0 4 and evaporated. The product was 
purified by silica gel chromatography using ethyl 
acetate: hexane (2: 1) . The desired product (220 mg) 
was obtained. Anal. Calcd for M (C^i^Os) ♦ NH4+ : 
20 459. Pound: 459. 

Example 135 

Synthesis of H- (D) Phg-PTvy -boroPh* tnrnnu^ -" ^ n^nn . 
Boc-^Phe-Pro-boroPheUnCNj-doHig ( 0 .50 g7~0.75 
mmoles) was dissolved in 20 ml of anhydrous methanol and 
cooled to 0-C. Anhydrous HC1 was slowly bubbled through 
the solution for 2 hrs. The reaction was allowed to 
stand at 4»C overnight. Ether was added to form a 
solid. Dioxane (5 ml) and water (25 ml) were added and 
the mixture was stirred for ~7 hrs at room temperature 
The solvent was evaporated and the residue triturated 
with ether to yield the desired product as a mixture of 
the free boronic acid an pinanediol ester (0.28 g) 
This material was treated with 0.19 g of pinanediol in 3 
ml of methanol for 5 min and was applied to a column of 
LH-20 in methanol. The desired product was obtained in 



25 



30 
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a yield of 0.16. g. Anal. Calcd. for M (C34H44N3O6B) + 
H: 602.340. Found: 602.339. 

Example 13 6 

5 Hvdrocinnamovl-ProboroGlv t (CH ?) a-NH-Acetvl] C10H16 

To a stirred solution of Hydro cinnamoyl - ProboroLys 
(l.Og, 1.8mmol), Et3N (501J1L, 3 . 6mmol ) in THF (50 mL) 
was added acetylchloride at 0°C under an N2 atmosphere. 

10 After stirring for 3h at r.t., the mixture was diluted 
with ethyl acetate (50 mL) and washed with H2O (1 x 100 
mL), HC1 (IN, 1 x 100 mL), NaHC0 3 (sat'd, 1 x 100 mL) , 
and NaCl (sat'd, 1 x 100 mL) . The organic layer was 
then dried over Na 2 S0 4 and concentrated in vacuo to 

15 afford the desired product (991mg, 1 . 8mmol) . (M+H) * 552.4 
HRMS for C31 H47N305B calc . 552.360877; found 
552.360898. 
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The examples shown in Table 1 can be prepared by 
the schemes and procedures described above using the 
appropriate starting materials. 



5 Table l. 



XX 

* 


Compound 


MS 

Method 


X1&M8 
CALC'D 


LRUS 
FOUND 


1 


Ac- (D) Phe- Pro- NH- 
CH t (CH2> 4CN] BO2C10H16 


NH 3 /CI 
(M+NH4 ) 


594.4 


594 


2 


AC- (D) Phe-Pro-NH-CH[ (CH 2 ) 4 ~ 
C(NH)NH 2 3B02CioHi6»BSA 


NH3/CI 
(M+H) 


594.4 


594 


3 


Ac- (D) Phe- Pro- 
bo roOm(CH=NH) ] -CioHi6*HCl 


NH3/CI 
(M+H) 


580.4 


580 


4 


Ac- (D) Phe-Pro- 
boroOrn(CH=NH) ] -0H»HC1 


NTI^ /<"*T 
1**13 / * — ^- 

pinacol 
ester+H 


D Z H . J 


528 


5 


Boc - Pro - boroOrn ( CH=NH) - 
! Ci 0 Hi6«HCl 


NH3/CI 


491.5 


491 


6 


Boc- (D) Phe- Pro - 
boroOrn (CH=NH) 1 - Ci oHi c • 0 5 
HC1-0.5 BSA 


NH3/C1 

(M+H) 


638.4 


638 


7 


Boc- (D)Phe-Pro- 
boroOrn (CH=NH) ] -OB> 0 . 6 
HC1-0.4 BSA 


NH-» /CI 

pinacol 
ester+H 


300 « « 




8 


H- (D)Phe-Pro- 
boroOrn ( CH=NH) ] -CioHj.6 # 0.5 
HC1-0.5 BSA 


NH3/CI 
(M+H) 


538.4 


538 


9 


H- (D) Phe- Pro - 
boroOrn ( CH=NH) ] - OB> 0 . 65 
HC1»0.35 BSA " 


NH3/CI 
pinacol 
ester+H 


486.3 


486 


10 


H-boroPhe (mCN) -CioHi€»HCl 








11 


Ac- (D)Phe-Pro-boroPhe- (m- 
CN) -CipHie 


NH3/CI 
(M+H) 


611.3 


611 


12 


Ac- ( D ) Phe - Pro - boroPhe - (m- 
C(NH)NH 2 ) -Ci 0 Hi6»BSA 


NH3/CI 
(M+H) 


628.4 1 


628 
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13 



14 



15 



16 



17 



18 



19 



Ac- (D) phe-Pro-boroPhe- (m- 
CH2NH? ) - Ci pH] f *HC1 



NH3/CI 

(M+H) 



615.4 I 615 



Ac- (D)Pbe-Pro-boroPhe(m-Br) 
C10H3 

Ac- (D)Phe-Pro-boroArg(CN) - 
C ^Hifi»HCl 

Ac- (D) Phe-Pro-boroPhe (p-CN) 
CiqH] 

Boc - (D) Phe - Pro -boroPhe (m- 
CN) -C10H3 

H- (D) phe-Pro-boroPhe(m-CN) 
CmHic'HCl 



H- (D) phe-Pro-boroPbe(m-CN) 
0H»HC1 . 



2 0 



21 



22 



23 



24 

"25 
"26 
"27 



NH3/CI 
(M+NH4) 

NH3/CI 
(M+H) 

NH3/CI 
(M+NH4) 

NH3/CI 
(M+NH4) 

NH3/CI 
(M+H) 

NH3/CI 

EG 
ester+Hj 



683-4 683 



619.5 1 620 



628.4 I 628 



N,N- (CH3) 2 - (D)Pbe-Pro- 
boroPhe- (m-CN) -OH-HC1 
(ISOMER I) 



NH3/CI 

EG 
ester+H I 



489.3 489 



Ac- (D) phe-Pro-boroPbe (p- 
' CH ^NHfl) -CiQHj fi' BSA 

Ac- (D) phe-Pro-boroPhe(p- 
C(NH)NH?> -Ci^Hlfi* BSA 

Ac- (D) Phe-Pro-boroPbe- (ra- 
CN) -OH'HCl 



NH3/CI 

(M+H) 

FAB 
(M+H) 

NH3/CI 

EG 
ester+ 
NH4 



Ms- (D)Phe-Pro-boroPhe(m-CN) 
OH-HC1 



N-CH3- (D)Phe-Pro-boroPhe(m- 
CN) -CioHjfi'HCl 

H-pro-boroPhe (m-CN) 
_CjnHi6»HCl 

Boc - (D) Thiazolylalanine - Pro • 
W^-rr^ p-hP (m-CN) -CiqHj - 



NH3/CI 

EG 
ester* 

NH4 
NH3/CI 
(M+H) 

NH3/CI 
(M+H) 

NH3/CI 

(M+H) 



615.4 615 



628.37 I 628.44 



520.3 I 520 



556.2 556 



676.4 I 67 6 . 4 
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28 



Boc- (D) 3 -Pyridylalanine- Pro- 
boroPhe- (m-CN) -CioHjp 



NH3/CI 
(M+H) 



670.4 670.4 



H- (D)Thiazolylalanine-Pro- 
boroPhe(m-CN) -CipHi6»HCl 



NH3/CI 
(M+H) 



576.3 



576 



H- (D) 3 -Pyridylalanine- Pro - 
boroPhe (m-CN) -Ci Q Hi 6 »HC1 



NH3/CI 
(M+H) 



570.3 



570 



Ms- (D)Thiazolylalanine-Pro- 
boroPhe(m-CN) -CioHi fi 



NH3/CI 
(M+H) 



654.3 



654 



33 



Ms- (D) 3 -Pyr idyl alanine -Pro - 
boroPhe (m-CN) -CioHig 



NH3/CI 
(M+H) 



648.3 



34 



35 



N-B0C-N-CH3- (D)Phe-Pro- 
boroPhe (m-CN) -Cj pHi c 



NH3/CI 
(M+NH4) 



7 00.4 



36 



Boc- (D) 2 - Pyr idyl alanine -Pro 
boroPhe(m-CN) -CipHn 

Ac-Pro-boroPhe(m-CN) -CipHig 



NH3/CI 
(M+H) 

NH3/CI 
(M+NH4) 



670.4 
481.3 



Boc - (D) 2 - Thienylalanine - Pro • 
boroPhe(m-CN) -CipHifi 



NH3/CI 
(M+NH4) 



692.4 



648 



700 



670 



481 



692 



37 

Ti" 

"35 

To 
71 
"42 

"*3 



H- (D) 2 - Pyridylalanine - Pro • 
-~ (m-r 

H- (D) 2 -Thienylalanine- Pro - 
boroPhe (m-CN) 

Ms - (D) 2 - Pyridylalanine- Pro - 
boroPhe ( m-CN) -CiqHi 6 

Ms- (D) 2 - Thienylalanine - Pro - 
boroPhe (m-CN) 



( 2 - Pyrimidyl thio) acetyl - Pro ■ 
boroPh e (m- CN) -Cj 

trans - 3 - ( 3 - pyridyl ) acryl - : 
Pro-boroPhe (m-CN) -CjlqHk 

( 4 -Pyr idyl thio ) acetyl - Pro - 
, — ( m . - 



NH3/CI 
(M+H) 

NH3/CI 
(M+H) 

NH3/CI 
(M+H) 

NH3/CI 
(M+NH4) 

NH3/CI 
(M+H) 

NH3/CI 
(M+H) 

NH3/CI 
(M+H) 



570.3 

575.3 

648.3 

670.3 

574.3 

553.3 

573.3 



57 0 
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Succinyl- (D)Phe-Pro- 
boroPhe(m-CN) -OH 



NH3/CI I 578.3 

EG 
ester* 
NH4 



45 



46 



NH3/CI I 553.3 
3-Pyridylpropionyl-Pro- | (M+H) 

boro o><*>(m-CN) -C^qHi6 

' NH3/CI I 672.4 
Boc- (D)Phe-Aze-boroPhe(m- | (M+NH^ ) 
CN)-CiqHi^ 



4? , - NH3/CI I 555.3 

H- (d) phe-Aze-boroPhe(m-CN) - | (M+H) 
CiqH^c»HC1 



48 



Hydrocinnamoyl - Pro - 
hrr ~r>™ trH=NH) 1 OH'BSA 



FAB 
EG 
ester±H 



445.5 



57 8 



555 



67 2 



555 



445 



49 



Hydrocinnamoyl - Pro- 
boroIrg(CH 7 CH=CH?) -OH'HBr 



ESI 
(M+H) 



461 



50 



Hydrocinnamoyl - Pro • 
^r-oTro(CH ? ) -OH'HBr 

Cbz- (D)Phe-Pro-borolrg(CH3) 
CvnHifi-HBr 



ESI 
(M+H) 

NH3/CI 
(M+H) 



435 



718 



53 



Hydrocinnamoyl - Pro - 
boroIrg (CH oCm) -OH'HBr 



ESI 
(M+H) 



449 



boroArg 1 



59 



PhS02" (D)Phe-Pro- 
horoOrn(0*=NH) -OH»HCl 



ESI 
(M+H) 



544 



461 



435 



718 



, , ESI I 492 1 492 

Ac- (D)Phe-Pro-boroIrg(CH3) " < M+H > 
OH »HBr 



449 



, - NH3/CI I 501 J 501 
Ac- (D) Phe- Pro- boro Arg (CH3) - EG 

0H«HC1 ester+H _ 

■ I ~7~ ■ I ESI I 418 I 418 

Hydrocinnamoyl -Pro- I (M+H) 

boroArg(CHT )-OH»HCl 



511 
482 



5 6 I I ESI 1 511 
Ms- (D) Phe-Pro-boroArg (CH3) - (M+H) 

oh»HC1 . , 

5** ! " — ■ — " ESI I 482 

Ms- (D) Phe -Pro- I (M+H) 

bnroOmCCH^-OH.Hn • _ _ | _ y ^ 

PhS02" (D) Phe -Pro- I (M+H) 
(CH ^)-0H»HC1 



544 
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6 0 


Ms- (D)Phe{4-fluoro) -Pro- 
boroOrn(CH=NH) -OH»HCl 


1 ESI 
(M+H) 


1 500 


500 


61 


PhCH2S02 - (D) Phe - Pro - 
boroArg ( CH-* ) - OH • HC1 


1 ESI 
(M+H) 


1 587 


587 


62 


PhCH2S0 2 - (D) Phe-Pro- 
boroOrn(CH=NH) -0H»HC1 


ESI 
(M+H) 


558 


558 


63 


CH3CH2CH2SO2- (D) Phe -Pro - 
boroQrn (CH-NH) -OH»HCl 


| ESI 
(M+H) 


1 510 


510 


64 


CH3CH2CH2SO2 - (D) Phe - Pro - 
boroArg (CHj ) - OH»HCl 


ESI 
(M+H) 


539 


53! 


65 


CH3(CH 2 )3S02- (DjPhe-Pro- 
boroArg (CH3) -0H»HC1 


ESI 
(M+H) 


553 


"iil 

4 


66 


CH3(CH 2 )3S0 2 - (DjPhe-Pro- 
boroOrnfO^NH) -0H«HC1 1 


ESI J 
(M+H) 1 


524 


524 


67 

f D 1 


Ac- (D)Phe-Sar- 1 
boroQrn(CH=NH) -0H»HC1 


NH3/CI 1 
EG 1 
ester+H 1 


446.3 1 


446.3 



70 



71 

72 
"7T 



Ms- (D)Phe-Sar- 
boroQm (CH=NH) -QH»HCI 

Phenethyl-S0 2 - (D)Phe-Sar- 
boroQrn(CH=NH) -oh.hpi 

Boc- (D)Phe-Sar- 
boroOrn(CH=NH) -QH»HC1 



JN- alpha- [boroOrn(CH=NH) -OH] 
(2 - trans benzylcarboxamido) 
cyclopentane - l - 
carboxamide »HC1 

H- (D) Phe - Sar -boroOrn ( CH=NH) 
ClpHi6 »2HCl 

Boc- (D) Phe-Sar-boroPhe (m- 
CN) -Ci nHj 

Boc- (D)Phe-Aze- 
boroOrn (CH=NH) - QH«HC1 

H- (D)Phe-Sar-boroPhe(ia-CN) 
ClQHi6«2HCl 



EG 

1 ester+H I 

NH3/CI j 57 2.27 

EG 
ester+H 1 
NH3/CI : I 504.3 

EG 
ester+H I 



NH3/CI |415.25 

EG 
ester+H I 



482.2 
572.27 

504.3 
415.25 



ES * 512.3 512.3 
(M+H) 

"ESI I 643.36 I 643.36 
(M+H) 

NH3/CI I 546.3 I 546.3 

EG 
ester+H I 

ESI 543.3 I 543 3 
(M+H) 
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7 6 

Tb 



ESI 

4- (Phenyl) benzoyl- I (M+H) 

1 ^/rH=lffl)-CmHi6'HCl 

NH3/CI 

7- ( d ) Phe - Pro - bo room ( CH=NH ) - Ipinacol 
1 oh.HCI __ lester+H 

H-boroPhe: Ip-cn) -CinHie'HCl 

Boc- (D)Phe-Pro- 
N ( CH 3 ) CH I ( CH 2 ) 3NHC (NH) H] - 

B(OH) 2 



620.58 620. 36 



80 I boc- (D) Phe -Pro - 

|n (Phenyl) CH [ (CH 2 ) 3NHC (NH) H] 
B(OH)2 



81 I boc- (D) Phe- Pro - 

|n (benzyl) CH [ (CH 2 ) 3NHC (NH) H) 
B (OH) 7 

32 | Boc - (p)Phe-Pro- 

N(CH 3 )CH[(CH2)3NHC(NH)H] - 

B (OMe) 

83 1 boc- (D) Phe- Pro - 

N (CH3) CH [ (CH 2 ) 3NHC (NH) H] - 
B[N(Me)1 2 



84 



86 



Boc- (D) Phe -Pro - 
N (CH 3 ) CH [ ( CH 2 ) 3NHC (NH) H] 

B(F) 

FMoc- (D) Phe -Pro - 
NHCH [ (CH 2 ) 3NH C (NH) H] 
B(QCl0Hl6) 2 
Ac- (D) cyclohexylalanyl - Pro - 
NHCH [ (CH2) 3NHC (NH) H] - 
B(0CipHi6) 



87 I Ac- (D>Phe-Gly- 

NHCHt(CH 2 )3NHC(NH)H] 

B(0CiQHi6_L 
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88 . 

Ac- (D)Phe-Pro- 
NHC HnCH 2 )3 N HC( N OH)NH 2 ] 

»1~1 g jOCjioH 3f ) . 

** Ac -f D )Phe-Pro-boroPhe(p-BrJ 



92 



93 



95 



96 



Ac-(D)P he -Pro-boroPhe(p- 

NH->) -Ci n H , f 

Ac-(D)Phe-Pro-boroPhe(p- 

Ac-(D)P he -Pro-boroPh e (p- 
CH2NHC(MH)NH ? ) -Ci oHl 



97 



98 



Ac-(D)Phe-P ro - boro p he(ln 

Ac-(D)P he -p ro . borophe(m 
CH2NHCfNHi M »^ ri||Tr 

Z-Leu-Ser(OT-Bu)- A sn-Leu- 
Ser(OT-Bu) -Asn-Leu-Ser(OT- 

Bu)-As n -Leu-Ser(OT-Bu)-Asn 
NHCH[(CH2)3NHC(NH)HJ- 

H-Leu-ser(OT-Bu) -Asn-Leu- 
Ser(OT-Bu)- AS n-Leu-Ser(OT- 
Bu) -Asn-Leu-Ser (ot-bu) - Asn - 
NHCH I (CH 2 ) 3NHC (NH) H] - 
BJOCjnHic), 

2-Leu-Ser-Asn-Leu-Ser-Asn 

Leu-Ser-Asn-Leu-Ser-Asn 
NHC3 I r(CH 2 )3 N HC( N H >HJ . 

B(OCjnHi g ^ 

H-Leu-Ser-Asn-Leu-Ser-Asn- 

Leu-ser-Asn-Leu-Ser-Asn- 
NHCHr(CH 2 )3NH C(NH)H j. 

BiOCioHjfi) 



r' , r 
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WO 96/12499 



PCI7US95/13702 



102| boc- (D)Phe-Pro- 

boroGly [ ( CH 2 ) 3 - ONH 2 1 - OH • HC1 



NH3/CI 

(EG 
ester 
♦H) 



519.3 



519 



T<>3| PhCH2S02- (D)Phe-Pro- 
boroGly[(CH2)3-ONH 2 ] - 

CipHifHCl 

10*!' boc- (D) Phe- Pro- 

boroGly I (CH2) 3 " 

OWHC (=NH)NH 2 1 -Cl nHl6 'HC1 
1 0 5 ! BQC . (D) phe- Pro -boroOrn - 

[C(NCN)NHCH^1 -CioHi6 
1 0 6 I HOOCCH2 - "(D) Phe - Pro - 
boroOmtC(NCN)NHCH3] " 
C] pHi6'HCl 

1 0 7 t boc- (D) Phe -Pro - 

V>r.roOrn[C(NCN )SCH3] -ClO R J 
10© 1 boc - (D) Phe - Pro- 

boro0rn(C0NH9) -C10H16 



NH3/CI 
(M+H) 



681.4 



NH3/C1 

(M+H) 



NH3/CI 
(M+NH4) 



669.4 



709.5 



ESI 
(M+H) 



NH3/CI 
(M+NH4) 

NH3/CI 
(M+H) 



726.4 



654.4 



111 



112 



[h- (D) Phe - Pro - boroOrn ( CONH2 ) 
CipHifi-HCl 
PhCH2S02 - (D) Phe - Pro - 
>,oT-»nm ( CONHs ) - Ci qHj 
HOOCCH2 - (D) Phe -Pro - 
boroOrn ( CONH? ) - Ci pHi 6 • HC1_ 
Boc - (D) Phe - Pro ■ 

WvrnOra(COCH20H) -Ci 0H16 



NH3/CI 
(M+H) 

NH3/CI 
(M+NH4) 

INH3/CI 
(M+H) 

INH3/CI 
1 (M+NH4 ) 



554.4 



725.4 



612.4 



686.4 



113 



Boc- (D) Phe -Pro -boroOrn (N- 
Methanesulfonyl ) -C10H16 



NH3/CI 
(M+NH4 ) 



706.4 



681 



669 



709 



650.4 650.5 



726 



654 



554 



725 



612 



686 



706 



114 ' H- (D)Phe-Pro-boroOrn(N- 

M^i-^anesulfonyl) -CfoHl6-HCl 



NH3/CI 
(M+NH4) 



589.3 



589 



115 



|4- (N- Acetyl) Anilinesulfonyl - 
(D) Phe - Pro - boroOrn ( N - 
Methanep nifonvl) -C10H16 



INH3/CI 
(M+NH4) 



803.4 



803 
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11S 



117 



118 



1.19 



Methanesulf onyl - (D) Phe- Pro 
boroOrn (N-Methanesulf onyl) - 
C 10 H I6 



121 



N , N - dimethyl -(D) Phe - Pro - 
boroOrn- (N-Methanesulf onyl) - 
CloHic-HCl 

Ac-Gly- (D)Phe-Pro-borpOrn(N 
Methanesulf onyl) -CmHi 
HOOCCH2- (D) Phe -Pro 
boroOrn (N-Methanesulf onyl ) 
ClQHifi-HCl 
PhCH 2 S0 2 - ( D ) Phe - Pr o - 
boroOrn (N-Methanesulf onyl) 
ClQHifi 



NH 3 /C1 
(M+NH4) 



684.3 



684 



NH3/CI I 617 •« I 6l7 
(M+H) 



INH3/CI 
(M+NH4 ) 

|nh 3 /ci 

(M+H) 

|nh 3 /ci 

(M+H) 



647.3 



760.4 



705 
647 

760 



Boc- (D) Phe-Pro- INH3/CI I 657.4 f 657 

boroGly((CH 2 )3-OCH 2 CH3] - |(M+NH 4 ) 
CinH 

Boc- (D) Phe- Pro- INH3/GI i 638.4 | 638 

boroGly [ (CH 2 ) tCNI -CiqHt g (M+MH„ 1 

Boc- (D) Phe-Pro- INH3/CI I 67 0.4 | 67 0 

boroOrn ( COCHi ) - c x qHj fi (m+ww 1 1 

Ac- (D)Phe-Pro-NH-CHttH2 (4- INH3/CI 1 607 - 4 I 60?" 
amino - cvclohexvl ) ) BQ2 - CI ohi s /v+xn 

Boc- (D)Phe-Pro-NH-CH[CH2(4- NH3/CI | 665 -5 | 6*5 JT 
amino - cyc lohexyl) ] B0 2 -Ci nH ? g 

BOC- (D)Phe-Pro-NH-CH[4^ INH3/CI S 651 ^5" I 65i7i^ 
amino - cyclohexyl ]B0 2 -C] pHic |(m+ h) 

BOC -(D) Phe- Pro-NH- CH rCH 2 (4 - NH3/CI f CC6.5 f 666.4 
hydoxy- cyclohexyl ) ] B0 2 - | (M+H) 
CioH 

Boc- (D) Phe-Pro-NH-CHCCH2 (4- INH3/CI 
guanidino- cyclohexyl) ] B0 2 - |(m+h) 
CinH j 
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129 j 

( 


Boc- (D)Phe-Pro- (K)Phe(mCN) - i 
3Me 


!JH3/C1 
(M+H) 


549 .3 


549.3 


130 j 

( 


Boc- (D)Phe-Pro- (S)Phe(mCN) - l 
3Me , 


NH3/CI \ 
(M+H) 


549 .3 


549.3 


131 ] 


Boc-Pro- (S)Phe(mCN) -OMe 


NH3/CI 
(M+NH4) 


419 


419 


132 j 


Boc -Pro- Phe (mCN) -OH 


NH 3 /C1 
(M+H) 


388 .2 


388.1 


133 


Boc- Pro- Phe (mCN) -N (Me) -OMe 


NH3/CI 
(M+NH4) 


448.3 


448 


134 


Boc - Pro - Phe (mCN) - C ( OEt ) =CH 2 


NH3/CI 
(M+NH4 ) 


459 


459 


135 


H- (D) Phe-Pro- 

boroPhe (mCOOMe) -CinHi $ »HC1 


NH3/CI 
(M+H) 


602.3 


602.3 


136 


Hydro c innamoy 1 - 
ProboroGly I ( CH2 ) 4 " NH - 
1 Acetyl] C19H1 g 


NH3/GI 
(M+H) 


552.4 


552.4 


13 7 


Ac- (D) -Phe-Pro- 
boroGly[(CH5>^-OCH 3 ] -CioHie 


NH3/CI 
(M+H) 


568 . 61 


568.53 


138 


Boc- (D) -Phe- Pro - 
boroGly [ ( CHS ) 7 - OCH 3 1 - Ci qHi 6 


NH3/CI 
(M+NH4) 


643 .4 


643 


139 


H- (D) -Phe-Pro- 
boroGly[(CH^)7-OCH3] - Ci qHis 


NH3/CI 
(M+H) 


526.3 


526.34 


140 


H0 2 CCH 2 - (D)- Phe -Pro- 
boroGly t ( CH2 ) 5 " OCH^ 1 - Ci oHl 6 


NH3/CI 
^M+H) 


584.4 


584.4 


141 


N,N- dimethyl -(D) -Phe-Pro- 
boroGly [ (bbi ) 3 -OCR*] -C10H16 


NH3/CI 
(M+H) 


554.4 


554 


142 


N- methyl - (D) - Phe - Pro - 
bor6Gly[(CH9)VOCH3l -CioHj.6 


NH3/CI 
(M+H) 


540.4 


540.36 


14 3 


boroGly [(CH?)T OCH^ 1 - Ci 0H1 6 


NH3/CI 
(M+H) 


568.4 


568.4 


144 


Ac-Gly-.(D) -Phe-Pro- 
boroGiyI(CH9)7-OCH33 -CiqHi 6 


NH3/CI 
(M+H) 


624.4 


624 
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1451 

j H-Pro- (D) -Phe-Pro- 


NH 3 /C1 


| 623.3 1 


623 


1 boroGly[(CH2)3-0CH3] C 10 Hi 6 


|(M+H) 







Additional examples of compounds included within 
5 the scope of the current -invention are found in Table 2. 

Table 2 

R 2 



I I 



tA]„ CH 

I 

R A 



10 



15 



20 



Ex R 3 -[A] n - 
« 

146 Ac- (D)Phe-Pro 

147 Ac- (D)Phe-Pro 

148 Ac- <D) Phe-Pro 



Rl 




Y A ,Y 2 R2 

-Ci 0 H 16 H 

ester 
* c 10Hi6 H 

ester 

-C10H16 H 
ester 



Examples 98 ; 99 T ] nn.-ioi represe nt SEp rn gE( 

ID N0:2; SEQ ID N0^3 ftjjD * > EQ ID NQm rg spectiyely 

Utility 

N-Acyl and N-peptide boronic acids and amino acids 
which are described in the present invention represent a 
novel class of potent inhibitors of trypsin- like 
enzymes. Trypsin-like enzymes are a group of proteases 
which hydrolyzed peptide bonds at basic residues 
liberating either a (-terminal arginyl or l ysy i residue 
Among these are enzymes of the blood coagulation and 
fibrinolytic system required for hemostasis. They are 
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Factors IX. x, VII, IX, Xil, kallikrein. tissue 
plasminogen activators, urokinase- like plasminogen 
activator, and plasmin. Enzymes of the complement 
system, acrosin (required for fertilization) , pancreatic 
5 trypsin are also in this group. Elevated levels of 
proteolysis by these proteases can result in disease 
states For example, consumptive coagulopathy, a 
condition marked by a decrease in the blood levels of 
enzymes of both the coagulation system, the fibrinolytic 
10 system and accompanying protease inhibitors is often 
fatal intervention by a synthetic inhibitor would 
clearly be valuable. More specifically, proteolysis by 
thrombin is required for blood clotting. Inhibition of 
thrombin results in an effective inhibitor of blood 
15 clotting. The importance of an effective inhibitor of 
thrombin is underscored by the observation that 
conventional anticoagulants such as heparin (and its 
complex with the protein inhibitor, antithrombin III) 
are ineffective in blocking arterial thrombosis 
20 associated with myocardial infractions and other 

clotting disorders. However, a low molecular weight 
thrombin inhibitor, containing a different 
functionality, was effective in blocking arterial 
thrombosis [Hanson and Barker (1988) Proa. Natl. Acad. 
25 Sd. U.S.A. 85, 3184-31881 . Therefore, we have chosen 
to demonstrate utility of compounds in the inhibition of 
thrombin, both as in buff ered solutions and in plasma. 
Specifically, the compounds have utility as drugs for 
the treatment of diseases arising from elevated thrombin 
30 activity such as myocardial infarction, and as reagents 
used as anticoagulants in the processing of blood to 
plasma for diagnostic and other commercial purposes. 

Compounds of the present invention are expected to 
be effective in the control of aberrant proteolysis and 
35 a number of accompanying disease states such as 

inflammation, pancretitis, and heritary angioedema. 
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The effectiveness of compounds of the or* 0 » . 
invention as inhibitors of blood coagnlatio 
was determined usin 3 purif ied ^Z^ZsZT^ 
synthetic substrates followin g procedure to 
5 those described in Kettner et al. ( 1990) . imlar to 
For these assays, the rat-*. 
-ctor xa. ana Pactor ^l ^lyZZZ^^ 
substrate. (S223 a (H-**..*,.^, ' 
««t. respectively Kabi Phar^ci, ^ " ' ^ 
0 -easurea ^t,, in the J^"' «> — 

resulted in the release of p M JZ ° Substr «e 
spectrophotometries!!. by C^ZZTIZT^ « 

absorbance change at 405 m in the * ° £ 
i« inactive of enz^e inhibit^ Z T" °f 
assa y are expressea as i-aC w ,*""«' ° f 

-a 0.5 , peg 0000. ^alte • DS °- 2 ° " 

0.05 M trie buffer pH 7 6 ° "* * 

-1, ana o.l, ^ I e ^~° 9 ' - 

constant, K m . for substrate hv<J^ M"hael is 

Oratories, south sena ^! r t ^ ^ 

Vila (BiosPacific. ' " 50 - h — 'actor 

-uciyvine, CAJ react with 
substrate (0.20 m - 1 mM) 4„ «-v 
Actions were allowea ? 

velocities (rate of absorbance change ^LeT 
measured in the time frame of 25-30 1 V 6 
following relation- minutes. The 

g^relatxonship was used to calculate * values . 
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where : 

v 0 is the velocity of the control in the absence of 
inhibitor; 

5 v s is the velocity in the presence of inhibitor; 

I is the concentration of inhibitor; 
Ki is the dissociation constant of the enzyme: 

inhibitor complex; 
S is the concentration of substrate; 
10 % is the Michaelis constant. 

Using the methodology described above, representative 
compounds of this invention were evaluated and found to 
exhibit a K± of less 500 pM thereby confirming the 

15 utility of compounds of the invention as effective 

inhibitors of human blood coagulation proteases. The 
results of these assays are summarized in Table 3, where 
+ ++ indicates a Ki < 500 nM; indicates a Ki < 50,000 
nM; + indicates a Ki 500,000 < nM; - indicates inactive; 

20 and NT indicates Not Tested. 

Table 3. Ki values for inhibition of Serine 
Proteases by compounds of the present invention. 

Ex No. Thrombin Factor Xa Factor IC 50 

Vila Thrombin time 



25 





EX # 


Thrombin 
Ki (nM) 


Factor XA 
Ki (nM) 


Factor VIIA 
Ki (nM) 




i 


++ 


NT 


NT 




2 




NT 


NT 




3 




NT 


NT 




4 




♦++ 


+ ++ 




6 


+++ 1 


NT 


NT 




7 


+++ 




+ + + 
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8 ♦ 


1 NT 
1 


NT 




9 


44 4 


1 NT 
1 


NT 




X X 


444 


1 ^ ^ 


44 4 




X 2 


44 + 


1 NT 


NT 




X 3 


+ 44 


1 NT 


NT 




X 4 


444 


1 NT 


NT 




1 5 


4 44 


1 NT 
1 


NT 




X 6 


444 


1 


NT 




X 7 


444 


1 Vfrp 


NT 




X 8 


444 ' 


1 IV 1 


NT 




19 


444 




NT 




2 0 


444 


i -a- ^ 
1 


NT 




2 X 


4 + + 


1 


NT 




2 2 


+ + + 


1 vrrp 


NT 




2 3 


+ + + 


x a. 


444 




2 4 


+ + + 


4- 4- 


NT 




2 5 


♦ + + 




NT 




2 6 


+ + 


vtrn 
Ml 


NT 




2 7 


+ + + . 


+ + + 


NT 




2 0 


+ + + 1 

' 1 


+ + + 


NT 




2 9 


+ + + .1 


NT 


NT 




1 A 
J U 


+ + + 1 


+ + + 


NT 




^ 1 


+ + + 1 


+ + + 


NT 






+ + + I 


4- + + 


NT 




^ *a 
j j 


+ + + -j 


NT ~T 


NT 




34 


+ + + J 


+ + + 


444 




35 


++ r 


NT 


NT 




36 


+++ i 


444 


+ 44 




37 


+++ j 


44 


+ 44 




38 


+ + + 3 


44 


+ + + 
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10 



126 
127 
12 6 



129 
13 0 
135 



136 



137 




138 
139 
140 



141 
142 
143 
144 
145 



146 



♦ + ♦ 
+♦+ 
♦+ + 



++ + 



«-++ 
++ + 
+♦ + 



++ + 
♦+ + 
+ ♦ + 



♦++ 



NT 
NT 
NT 



NT 
NT 
NT 



NT 



NT 
NT 
NT 



NT 
NT 
NT 
NT 



NT 



NT 
NT 
NT 



NT 
NT 
NT 



NT 



NT 
NT 

NT 
NT 
NT 
NT 



NT 



15 



Representative of data for compounds of the present 
invention, Examples 3, 1. 9, 11. and 12 increased 
thrombin clotting times 2-fold at 0.25, <0.075, 0.10. 
0.60, and 0.85 jiM, respectively. 

The effectiveness of compounds of the present 
invention as anticoagulants in vivo was demonstrated by 
the prolongation of the activated partial thromboplastin 
time of samples of blood taken from conscious dogs or 
anesthetized rats after either.oral or intravenous 
administration at. ^doses of the compounds from 0.5 to 10 
mg/kg. Arterial or venous blood was withdrawn by 
syringe and mixed with 1/10 volume 3.2% sodium citrate. 
Plasma was obtained after centrifugation and a standard 
clinical activated partial thromboplastin time (APTT 
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10 



reagent, Sigma Chemical Co.. St. Louis, Mo., determined 
at 37 c xn a fibrometer. Results from blood samples 
obtained at various times after dosing showed an 
effective anticoagulant response which was at least 
equivalent to doubling of activated partial 
thromboplastin time as compared to the value obtained 
Prior to dosing. m this model, Examples 4, 57, and 77 
were shown to be effective following i. v . dosing and 
Examples 4, 56, 57, 60, and 66 effective following oral 
dosxng. Similarly, oral administration of Examples 31 
and 54 resulted in at least a 2-fold elevation in 
anticoagulant activity in an identical model except 
actxvity was measured by increases in thrombin clotting 
txmes . a 
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SEQUENCE UST1NG 

(1) GENERAL INFORMATION: 

(I) APPLICANT: Sheng-Lian O. Lee 
John Matthew Fevig 
Charles Adrian Kettner 
David L. Carini 

(ii) TITLE OF INVENTION: Amidlno and Guanidino 
Substituted Boronic Acid Inhibitors of Trypsin-Like Enzymes 

(iii) NUMBER OF SEQUENCES: 4 

fiv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: The Du Pont Merck Pharmaceutical 

Company 

(B) STREET: 1007 Market Street, Legal Department 

(C) CITY: Wilmington 

(D) STATE: EE 

(E) COUNTRY: U.& 

(F) ZIP: 19898 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.50 inch disk 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Apple Macintosh 

(D) SOFTWARE: Microsoft Word 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/052,835 

(B) FILING DATE: _ — _ 

(C) CLASSIFICATION: unknown 

(vii) PRIOR APPLICATION DATA: None 
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( viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Reinert, Norbert, F. 

(B) REGISTRATION NUMBER: 1 8,926 

(C) REFERENCE/DOCKET NUMBER: DM-6S67-A 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 302-892-8867 

(B) TELEFAX: 302-892-8536 



io (2) INFORMATION FOR SEQ ID NO:1: 

( i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 

(B) TYPE amino acids 

(C) TOPOLOGY: linear 

is (ii) MOLECULAR TYPE peptide 

(vi) ORIGINAL SOURCE sy nthetic 
(ix) FEATURE 

(D) OTHER INFORMATION: Example Number 98 

at page 36 and within Table 1 

20 

(xi) SEQUENCE DESCRIPTION: SEQIDNOrl: 



Xaa Xaa Aen Leu Xaa Ann ?*u Zaa Aaa Leu xaa Ann 

25 

(2) INFORMATION FOR SEQ ID N02: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 2 

(B) TYPE amino acids 
30 (C) TOPOLOGY: linear 

(ii) MOLECULAR TYPE peptide 
(vi) ORIGINAL SOURCE synthetic 
(ix) FEATURE 

(D) OTHER INFORMATION: Example Number 99 
35 at page 36 and within Table 1 
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(xi) SEQUENCE DESCRIPTION: SEQIDN02: 

Leu Xaa Abu Leu Xaa Abu Leu Xaa Asn Leu Xaa Abu 

1 5 10 

5 

(3) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 

'(B) TYPE: amino acids 
10 (C) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: peptide 
(vi) ORIGINAL SOURCE: synthetic 

(ix) FEATURE: 

(D) OTHER INFORMATION: Example Number 100 
at page 36 and within Table 1 

(xi) SEQUENCE DESCRIPTION: SEQIDN03: 

xaa Ser Abu Leu Ser Aea Leu Ser Abu Leu Ser Abu 
1 5 10 

(3) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH 12 

25 (B) TYPE: amino acids 

(C) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: peptide 
(vi) ORIGINAL SOURCE: synthetic 
(ix) FEATURE 

30 (b) OTHER INFORMATION: Example Number 101 

at page 36 and within Table 1 

(xi) SEQUENCE DESCRIPTION: SEQIDNO*: 
Leu Ser Abu Leu Ser Aan Leu Ser Abu Leu Ser Abu 

5 10 

35 1 5 



20 
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What is Claimed is: 

1. A compound of formula (1) 



if 



wherein 
E is 

a) -BYiy 2 , 

10 b) -C(=0)R 14 ; 

C) -C(=0)0R 4 , 

d) -c(=o)nr"r16, 

e) -C(=0)R 4 , or 

f) -C(=0)COOR 4 ; 

15 

Y 1 and Y 2 are 

a) -OH, 

b) -F, 

c) -NR 4 r5, 

20 d) Ci-Cg alkoxy, or 

when taken together Y 1 and Y 2 form: 

e) a cyclic boron ester where said chain or ring 

contains from 2. to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N, S, 
25 or 0, 

f ) a cyclic boron amide where said chain or ring 

contains from 2 to 20' carbon atoms and, 
optionally, 1-3 heteroatoms which can be N, S, 
or O, 

30 g) a cyclic boron amide -ester where said chain or 

ring contains from 2 to 20 carbon atoms and, 
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optionally, 1-3 heteroatoms which can be N, S, 
or 0; 



y3 and Y 4 are 
5 a) -OH, 

b) -H, or 

c) -F; 



10 



15 



20 



25 



a) Cl-C12-alkyl is optionally substituted with -Of. 
-OR* -C(NH)NHR6, -NHC (NH) NHR^ , -SC(NH)NHR6, 
- NHC (NH ) NHOH , -NHC (NH) NHC (O) R^ , -NHS(0) r R<, 
-NHC (O) NHR* , -NHC(0)R*, -NHC (O) CH(OH) R 4 , -NHC(=NCN>- 
SR 6 -NHC(=NCN)NHR6, -ONHR6. -NHC (-NR*) H„ 
-ONHC(=NCN)NHR6, -ONHC(=NH)NHR6, - 0 nhc(=nrS)h 
- ONHC ( =NH) NHOH , - C (NH) NHC (O) R^ , -SC (NH) NHC (O) R*, 
-NHC(=NCN)NHC<0)R6, - 0 NHC(O)R6, -NHC (=NC (0) R«> H, 
-ONHC (=NCN) NHC (O) R 6 , -ONHC (=NH) NHC (0) R* , 
-ONHC(=NC(0)R«)H, -C (NH) NHC (O) OR« . 
-NHC(NH)NHC(0)0R6, . SC (NH)NHC(0)OR6, 

-NHC(=NCN)NHC(0)OR6, ,ONHC(0)OR6, -NHC <=NC (O) OR*) H, 
-0NHC(=NCN)NHC(0)0r6, -ONHC (=NH) NHC (0)OR6, 
-NHC(0)OR 4 , -NHC(NH)NHC(0)0R6. or - 0 NHC (=NC (0) OR*) H; 



b) 

-(CH2) q 




-f(CH2)pX 



c) 

J^(CH2) q 




; or 
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d) 




a) halogen (f, ci, Br, i) 

b) -CN, 
5 c) -N0 2 , 

d) -CF3, 

e) -NH2 

f) -NHC(NH)H, 9 
9) "NHC (NH) NHOH, 

l P h) "NHC (NH) NHCN, 

i) -NHC(NH)NHr6 / 

j) -WHC(NH)NHCOR6, 
k) -C(NH)NHr6, 

1) -C(NH)NHCOR6r 
15 m) -C(0)NHR2, 

n) -C0 2 R 2 , 
O) -OR 2 , 
P) -OCF3, 
Q) -SC(NH)NHR6, 

20 r) -NHS(0) r R4, ^ 

S) -KHC(0)NHr4, 
t) -NHC(0)R4, 

U) -NHC(0)CH(OH)R4, 
V) *NHC(=NCN) -SR6, 
25 w) -NHC(=NCN)NHR6 # 

X) -NHC(=NR6) H/ 
y) -ONHR6. 
2) -ONHC(=NCN)NHR6, 
aa) -OKHC(=nh)nhr6, 
30 ab) -ONHC(=NH)H, 
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ac) -ONHC(=NR 6 )H, or 

ad) - ONHC ( =NH ) NHOH ; 

Y is =0, =NOH, or =N-NHC(=0)H; 
R 2 is 
5 a) H, 

b) optionally substituted C1-C12 -alkyl, 

c) optionally substituted cycloalkyl, 

d) optionally substituted aryl, where aryl is phenyl 
or napthyl, or 

10 e) optionally substituted -Cl-C4-alkylaryl, where 

aryl is defined above; 

where the groups C1-C12- alkyl, cycloalkyl, and -CI - 
C4,alkylaryl optionally contain in- chain net eroatoms 
(0, N, S) and the groups Cl-C12-alkyl, cycloalkyl, 
aryl, and -Cl- C4- alky laryl are optionally 
substituted with one or two substituents selected 
from the group consisting of: 

halo (F, Cl, Br, I), Cl-C4-alkyl, Cl-C4-alkoxy, 
-N0 2 , -CF 3 , -S(0) r -Cl-C4-alkyl, -OH, -NH 2 , 
-NH(Cl-C4-alkyl), -N(Cl-C4-alkyl) 2 , or -C0 2 R 4 ; 
R 3 is H, alkyl. aryl, alkylaryl, -S(0) r -R 7 , -C(=0>R 7 , 

-C(=0)0R 7 , -P(0) 2 OR 7 or any other NH 2 blocking group 
comprised of 1-20 carbon atoms; 
25 R 4 and R 5 are independently: 

a) hydrogen, 

b) C1-C4 alkyl, 

c) - (C1-C4 alkyl) -aryl, or 

d) C 5 -C 7 cycloalkyl; 

30 R 6 is 

a) H, 

b) C1-C4- alkyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 

35 selected from the group consisting of: 



20 
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•Cl-C4-alkylaryl, where aryl is aS defined above; 



10 



halo (F, CI, Br, I). Cl-C4-alkyl, C1-C7 -alkoxy, 
-N0 2 , -CF 3 , -S(0) r -Cl-C4-alkyl, -OH. -NH 2 , 
-NH(Cl-C4-alkyl), -N(C1-C4 -alkyl) 2 . and -C0 2 R«: 
or 

d) 

R 7 is 

a) h, 

b) C1-C4- alkyl, 

c) aryl, wherein aryl is phenyl or napthyl 
optionally substituted with one or two substituents 
selected from the group consisting of: 

halo, Cl-C4-alkyl, C1-C7 -alkoxy. -N0 2 , -CF 3 , 
-S (0) r - CI -C4- alkyl, -OH, -NH 2 , -NH(C1-C4- 
alkyl), -N (CI -C4 -alkyl) 2 , and -C0 2 r4 : Q r 

15 d) -Cl-C4-alkylaryl, where aryl is as defined above- 

R 13 is : ' 

a) hydrogen 

b) halogen, 

c) C x -C 4 alkyl, 
20 d) C x -C 4 alkoxy, 

e) methylenedioxy, 

f) -N0 2 , 

g) -gf 3 , 

h) -SH, 

25 i) "S(0) r - (d-C 4 alkyl)* 

j) -CN, 

k) -OH, 

1) -NH 2 , 

m) -NH(C X -C 4 alkyl) , 

n) -N(C a -C 4 alkyl) 2 , 

o) -NHC(=0)R 4 , or 

P) - <CH 2 ) p -C0 2 R4; 

R 14 is: 
35 a) -CF 3 , 

b) -CHF 2 , 



30 
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c) -CH2F, 

d) -CH2CI, 

e) -C(=0)OR 4 , 

f) -C(=0)NR 15 R 16 . 

g) -C(=0)R 4 , 

h) -C(=0)COOR 4 , 

i) -C(«=0)C(=0)NR 15 R 16 . 
j) -C(=0)C(=0)R* , 

k) - CY 3 Y*COOR 4 , 

1) -CY 3 Y 4 C(=0)NR 15 R i6 . 

m) -CY 3 Y 4 C(=0)R 4 , 

n) -CH 2 Br, 



10 



25 



o) 



-CO 



15 P) 



-O 



, or 

q) heterocycle; 

rIS and R 16 are independently: 
20 a) hydrogen, 

b) C1-C4 alkyl, 

c) -(Cx-C* alkyl) -aryl, 

d) C S -C 7 cycloalkyl, or 

e) phenyl, optionally substituted by R 13 ; 



r15 and R 16 can be taken together to form a ring: 
a) 



w is 

30 a) -0-, 
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b) -S(0) r -, 

O -(CH 2 ) n -, 

d) -NR 4 -, 

e) a bond, or 
5 f) -NC(=0)r4- ; 

A is an amino acid residue or a peptide comprised of 2- 

20 amino acid residues; 
n is 0 or 1; 
P is 0 to 3; 
10 q is 0 to 4; 
r is 0 to 2; 

and pharmaceutical^ acceptable salts thereof, with the 
proviso that when R l is aliphatic, the R* substituent on' 
-NHC(NH)nhr6 cannot be H. 

2. A compound of Claim 1 wherein: 
R 1 is 

a) Cl-C12-alkyl is optionally substituted with -0R2 
-C(NH,NHR6, . mclmEf -NHC (NH) NHR 6 , -NHC (NH) NHOH, ' 
-NHS(0) r R4, -NHC (O)NHR*, -NHC(0) R 4, -NHC (O) CH(OH) R* 
-NHC(=NCN>-SR6, -NHC(=NCN)NHR6, -ONHR6, -NHC(=Nr6) H ' 

-onhc<=ncn)nhr6, -onhc(=nh)nhr6, -ONHC(=NH)H 

-ONHC(=Nr6) H , or -ONHC(=NH)NHOH; 
b) 



15 



20 
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d) 

/ 




Y 



X is 

a) halogen (F, CI. Br, I) 

5 b) -CN, 

,. c) -NO2, 

d) -CF3, 

e) -NH2 

f) -NHC (NH)H, 

10 g) -NHC (NH)NHOH, 

h) -NHC (NH) NHCNy 1 

i) -NHC (NH) NHR 6 , 
j> -C(NH)NHR 6 ' 
k) -C(0)NHR 2 , 

15 1) -CO2R 2 , 

m) -OR 2 , 

n> -0CF3, 

0 ) -SC(NH)NHR 6 , 

p) -NHS(0) r R 4 » 

20 Q) -NHC(0)NHR 4 , 

r) -NHC(0)R 4 , 

S) -NHC(0)CH(OH)R 4 , 

t) -NHC(=NCN)NHR 6 , 

u) -NHC(=NR 6 )H, 

25 v) -0NHR6, 

w) - ONHC (=NCN ) NHR 6 , 

X) -ONHC (=NH) NHR 6 , 

y) -0NHC(=NH) H, 

z) -0NHC(=NR 6 )H, or 
30 aa) - ONHC ( =NH) NHOH ; 
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15 



R 14 is: 

a) -CF 3 , 

b) -CHF2, 
C) -CH2F, 

d) -C(=0)OR«, 

e) -C(=0)NRlS R 16, 

f) *C(=0)R<, 

g) 



-co 



10 h) 



-o 



, or 

i) heterocycle; 



and all other substituents are as defined in Claim 1. 

3. A compound of Claim 2 wherein: 
Y 3 and Y* are -OH; 
R 1 is 

a) Cl-C12-alkyl is optionally substituted with -0R2 
20 -C(NH)NHR6, -NHC(NH)H, -NHC (NH) NHR6, -NHS(0) r R4, 

-NHC(0)NHr4, -NHC (0) R 4 , -NHC (O) CH (OH) R 4 , -NHC(=NCN)- 

SR6, -NHC(=NCN)NHR6, - 0 NHR6, or - ONHC (=NH) NHR6 . 

b) 

-(CHjj), 

(CH^pX 



25 c) 
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.(CH 2 ) q 



d) 




; or 



Y 



x is 

5 a) halogen (Br) 

b) -CN, 

C) -NH 2 

d) -NHC (NH) H, 

e) -NHC(NH)NHR 6 , 
10 f) -C(NH)NHR 6 ' 

g) -C(0)NHR 2 . 

h) -C02R 2 , 

i) -OR 2 , or 

j) -NHC(=NR 6 )H; 

15 R 14 is: 

a) -CF 3 , 

b) -CHF2, 
C) -CH2F, 

d) -C(=0)OR 4 , 
20 e) -C(=0)NR 15 R 16 . 

f) 




i 



9> 
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o 

° ■ or 
h) heterocycle; 

and all other substituents are as defined in claim 2. 

5 

4. A compound of Claim 3 wherein: 
E is -BY^-Y 2 ; 
Y 1 and Y 2 are 

a) -OH, 

10 when taken together Y* and Y 2 form: 

b) a cyclic boron ester where said chain or ring - 

contains from 2 to 20 carbon atoms and, 
optionally, 1-3 heteroatoms which can be N. s. 
or O; 

15 Y 3 and Y 4 are -OH; 
R 1 is 

a) Cl-C12-alkyl is optionally substituted with 
-C(NH)NHR6, -NHC(NH)H, -NHC(NH)NHR6, -ONHR6, or 
-ONHC(=NH)NHr6 ; 
20 b) 

-[(CH^pX 



c) 





; or 

d) 
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X is 

a) -CN, 

C) -NH2 

5 d) -NHC(NH)H, 

e) -NHC (NH) NHR 6 , 

f) -C(NH)NHR 6 ' 

g) -C(0)NHR 2 , "' 

h) -C02R 2 » 
10 i) -OR 2 , or 

j) -NHC(=NR 6 )H; 

Y is =0; 

and all other substituents are as defined in Claim 3. 
15 5. A compound of Claim 4 where n is 0. 

6. A compound of Claim 4 where [A] is comprised 
independently of amino acid residues in the D or L 
configuration selected from the group consisting of Ala, 

20 Arg, Asn, Asp, Aze, Cys, Gin, Glu, Gly, His, HomoLys, 
lie. Leu, Lys, Met, Orn, Phe, Phe(4-f luoro) , Pro, Ser, 
Thr, Trp, Tyr, and Val. 

7 . A compound of Claim 6 where [A] is comprised of 
25 either Pro or (D)Phe-Pro. 

8. A compound of Claim 4 selected from the group 

consisting of : 

Ac- (D) Phe-Pro-NH-CH [ (CH2) «CN] BO 2 -Ci 0 Hi6, 

30 • AC- (D)Phe-Pro-NHCH[(CH2)4C(NH)NH2]B02-CioH 16 , 
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• Ac- (D)Phe-Pro-NHCH[(CH 2 )3-NHC(NH)H]B(OH)2. 

Boc- (D) Phe- Pro-NHCH [ (C3J 2 ) 3 -NHC (NH) H] B (OH) 2 , . 

Ac- (D)Phe-Pro-boroPhe[jn-C(NH)NH 2 ) -C i0 Hi6, 

Ac- (D)Phe-Pro-boroPhe(in-CH2NH2) -C 10 H 16 . 

Ac- (D)Phe-Pro-boroPhe(m-Br) -Ci 0 Hi 6 . 

Ac- (D)Phe-Pro-boroPhe(p-CN) -Ci 0 Hi 6 , 

Boc- (D)Phe-Pro-boroPhe(m-CN) -Ci 0 Hi6, 

Ac- (D)Phe-Pro-boroArg(CN) -CioHic 

N,N- (CH 3 ) 2 - (D)Phe-Pro-boroPhe(m-CN) -OH-HC1, 

Ac- (D)Phe-Pro-boroPhe(m-CN) -OH»HCl, 

Ms- (D)Phe-Pro-boroPhe(m-CN) -OH-HCl, 

Boc- (D)Thiazolylalanine-Pro-boroPhe(m-CN) -Ci 0 Hi 6 , 

Boc- (D)3-Pyridylalanine-Pro-boroPhe(m-CN) -Ci 0 H 16 ,' 

Ms - (D)3-Pyridylalanine-Pro-boroPhe(ni-CN) -Ci 0 Hi 6 , ' 

Boc- (D)2-Pyridylalanine-Pro-boroPhe(ni-CN) -CioHig, 

Boc- (D)2-Thienylalanine-Pro-boroPhe(m-CN) -Ci 0 H 16/ ' 

Ms - (D)2-Thienylalanine-Pro-boroPhe(m-CN) -CioHi 6< ' 

Boc - (D) Phe - Aze - boroPhe (m - CN) Ci 0 Hi 6 , 

Hydrocinnamoyl-Pro-boroIrg(CH3) ~OH»HBr, 

• Ac - (D) Phe- Pro -boroArg (CH3 ) -OH»HCl , 
PhCH 2 S0 2 - (D)Phe-Pro-boroOrn(CH=NH) -OR>HCl, 
CH3CH2CH2SO2- (D) Phe-Pro-boroOrn (CH=NH) -OH>HCl, 
CH3CH2CH2SO2- (D)Phe-Pro-boroArg(CH 3 ) -OH.HCl, 

• Ac- (D)Phe-Sar-bor60rn(CH=NH) -0H»HC1, 

• B °c- (D)Phe-Sar-boroPhe(mCN) -CioHi6, 

• Boc- (D) Phe-Aze-boroOrn(CH=NH) -OH>HCl. 

4- (Phenyl) benzoyl -boroOrn(CB>NH) -Ci 0 Hi 6 -HCl, 
Ac- (D)Phe-Pro-boroOrn(CH=NH) ] -Ci 0 Hi6»HCl, 
Boc-Pro-boroOrn (CH=NH) - C 10 Hi 6 -HC1 , 

Boc- (D)Phe-Pro-boroOrn(CH=NH) ) -C 10 H 16 .0.5 HCL0.5 
BSA, 

H-(D)Phe-Pro-boroOrn(CH=NH)]-c 1 oH 16 .o.5 HCL0.5 
BSA, 

H-(D)Phe-Pro-boro0rn(CH=NH)]-OH.0.65 HCL0.35 BSA, 
H-boroPhe(mCaJ) -CioHi6»HCl, 
• Ac- (D) Phe- Pro-boroPhe- (m-CN) - C 10 Hi 6 , 
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H- (D) Phe-Pro-boroPhe- (m-CN) -CioHi6»HCl, 
H- (D) Phe-Pro-boroPhe- (m-CN) -OH»HCl, 

N,N- (CH3)2- (D)Phe-Pro-boroPhe- (m-CN) -OH.HCl (ISOMER 
I) , 

Ac- (D) Phe-Pro-boroPhe- (p-CH 2 NH 2 ) -CioHie* BSA, 
Ac- (D)Phe-Pro-boroPhe- (p-C(NH)NH 2 ) -Ci 0 Hi 6 « BSA, 
N-CH3- (D)Phe-Pro-boroPhe- (m-CN) -Ci 0 Hi6«HCl. 
H-Pro-boroPhe- (m-CN) -CioHi6*HCl, 
H- (D)Th.iazolylalanine-Prc-boroPhe- (m-CN) - 

CioHi6*H c1 ' 

H- (D) 3-Pyridylalanine-Pro-boroPhe- (m-CN) -C10H16 
•HC1 , 

Ms- (D)Thiazolylalanine-Pro-boroPhe- (m-CN) -C10H16, 
N-B0C-N-CH3- (p)Phe-Pro-boroPhe- (m-CN) -C10H16. 
Ac-Pro-boroPhe- (m-CN) -CioHi6# 

H- (D) 2-Pyridylalanine-Pro-boroPhe- (m-CN) -C10H16 
•HCl, 

H- (D) 2-Thienylalanine-Pro-boroPbe- (m-CN) - 
Ci0Hl6»HCl, 

Ms- (D) 2-Pyridylalanine-Pro-boroPhe- (m-CN) -CioHi6» 
(2 -Pyrimidylthio) acetyl- Pro -boroPhe- (m-CN) -C10H16, 
trans-3- (3-pyridyl) acryl-Pro-boroPhe- (m-CN) -C10H16. 
(4 -Pyridylthio) acetyl -Pro-boroPhe- (m-CN) -C10H16 . 

Succinyl- (D)Phe-Pro-boroPhe- (m-CN) -OH, 
3-Pyridylpropionyl-Pro-boroPhe- (m-CN) -C10H16, 
Boc- (D)Phe-Aze-borc-Phe- (m-CN) -C10H16, 
H- (D) Phe-Aze-boroPhe- (m-CN) -CioHi6»HCl, 
Hydrocinnamoyl-Pro-boro0rn(CH=NH)10H.BSA. 
Hydrocinnam6yl-Pro-boroIrg(CH2CH«CH2) -OH- HBr, 
Hydrocinnam6yl-ProboroGly[.(CH2)4-NH-Acetyl]CioHi6, 

Cbz-(D)Phe-Pro-boroIrg(CH3)-CioHi6 • HBr, 
Ac- (D)Pbe-Pro-borolrg(CH3)-OH • HBr, 
H ydrocinnamoyl-Pro-borolrg(CH2CH3)-OH • HBr, 

Ac- (D)Phe-Pro-boroArg(CH3) -OH • HCl, 
Hydrocinnamoyl-Pro-boroArg(CH3) -OH • HCl, 
Ms- (D)Phe-Pro-boroArg(CH3)-0H» HCl, 
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Ms- (D) Phe-Pro-boroOrn (CH=NH) -OH • HC1, 
PhS02 - (D) Phe- Pro- boroArg (CH3 ) -oh • HC1, 
PhS02- (D)Phe-Pro-boroOrn(OJ=NH) -OH • HC1, 
M9- (D) Phe (4 - f luoro) -Pro-boroOrn (CH=NH) -OH • HC1, 
PhCH2S02- (D)Phe-Pro-boroArg(CH3) -OH • HC1, 
PhCH 2 S0 2 - (D) Phe-Pro-boroOrn(CH=NH) -OH • HC1, 
CH3CH2CH2SO2- (D)Phe-Pro-boroOrn(CH=NH) -OH • HC1, 
CH3CH2CH2SO2- (D)Phe-Pro-boroArg(C3l3) -OH • HC1, 
CH3 (CH2) 3SO2 - (D) Phe-Pro-boroArg (CH3 ) -OH • HC1, 

CH3 (CH2)3S02- (D)Phe-Pro-boroOrn(CH=NH) -OH • HC1, 
• Z- (D) Phe - Pro - boroOrn ( CH=NH) -OH»HCl, 

Boc - ( D) Phe - Pro - boroGly [ ( CH 2 ) 3 - ONH 2 3 - OH • HC1 , 

PhCH 2 S02- (D)Phe-Pro-boroGly [ (CH 2 )3-ONH 2 ] - 
CioHig-HCl, 

Boc- (D)Phe-Pro-boroGly[(CH2)3-ONHC(=NH)NH2) - 
CioHi6-HCl, 

Boc- (D)Phe-Pro-boroOrn- [C (NCN)NHCH 3 ] -Ci 0 Hi 6 , 
HOOCCH2- (D)Phe-Pro-boroOrn[C(NCN)NHC3l3] -Ci 0 H 16 -HCl, 
Boc- (D)Phe-Pro-boroOrn[C(NCN)SCH3] -Ci 0 H 16f 
Boc- (D) Phe- Pro-boroOrn (CONH 2 ) -C 10 H 16 , , 
H- (D)Phe-Pro-boroOm(CONH 2 ) -CioHi 6 -HCl, 
PhCH 2 S0 2 - (D) Phe -Pro- boroOrn (CONH 2 > -Ci 0 Hi 6 , 
HOOCCH 2 - (D) Phe - Pro -boroOrn ( CONH 2 ) - Ci 0 H! 6 • HC1 , 
Boc- (D)Phe-Pro-boro0rn(C0CH20H) -CioHic 
Boc- (D) Phe- Pro-boroOrn (N-Methanesulf onyl) -Ci 0 Hi6, 
H- (D) Phe -Pro -boroOrn (N-Methanesulfoayl) -Ci 0 Hi 6 -HC1, 
4- (N- Acetyl ) Anilinesu'if onyl- (D) Phe-Pro-boroOrn(N- 
Methanesulfonyl) -Ci 0 Hi6, 

Me thanesul f onyl -(D) Phe - Pro - boroOrn (N- 
Methanesulf onyl ) - Ci 0 Hi^ , 
• N,N- dimethyl- (D) Phe- Pro-boroOrn- (N- 
Methanesulfonyl) -CioHi6-HCl, 

Ac-Gly- (D) Phe -Pro -boroOrn (N-Methanesulf onyl) - 
C10H16, 

HOOCCH2 - (D) Phe- Pro-boroOrn (N-Methanesulf onyl) - 
CioHie-HCl, 
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PhCH 2 S0 2 - (D)Phe-Pro-boroOrn(N-Methanesulfonyl) - 
C10H16. 

Boc- (D)Phe-Pro-boroGly[(CH2)3-OCH 2 CH 3 ] -Ci 0 Hi6, 

Boc- (D) Phe- Pro-boroGly [ (CH 2 > 3 -CN] - Ci 0 Hi 6 , 

Boc- (D) Phe-Pro-boroOrn(COCH3) -C10H16. 

Ac- (D) Phe-Pro-NH-CH[CH 2 (4 -amino-cyclohexyl) ] B0 2 - 

CioHj.6 . 

Boc - ( D ) Phe - Pr o - NH - CH I CH 2 ( 4 - amino - eye lohexy 1 ) ] B0 2 - 
Cj.oHl6r 

Boc - (D) Phe- Pro-NH- CH [4 - amino- cyclohexyl] B0 2 - C10H16 » 
Boc- (D) Phe-Pro-NH-CHtCH 2 (4-hydoxy-cyclohexyl) ]B0 2 - 

C10H16' 

Boc - ( D ) Phe - Pro r NH - CH [CH 2 ( 4 - guanidino - 

eye lohexy 1 ) ] Bp 2 - Ci 0H1 6 » 

boc - (D) Phe- Pro- (J?) Phe (mCN) -OMe, 

boc- (D) Phe-Pro- is) Phe (mCN) -OMe, 

Boe-Pro- (5) Phe(mCN) -OMe, 

Boc - Pro - Phe (mCN) - OH , 

Boc -Pro- Phe (mCN) -N(Me) -OMe, 

Boc -Pro- Phe (mCN) -C(0Et)=CH 2 , and 

H- (D) Phe-Pro-boroPhe(mCOOMe) -CioHi6 # HCl. 



9 a pharmaceutical composition comprising a 
pharmaceutically suitable carrier and a therpeutically 

2 5 effective amount of a compound of Claim 1. 

10 A pharmaceutical composition comprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a compound of Claim 2. 

30 

11 A pharmaceutical composition comprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a compound of Claim 3. 
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12. A pharmaceutical composition comprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a compound of Claim 4. 

5 13. A pharmaceutical composition comprising a 

pharmaceutical^ suitable carrier and a therpeutically 
effective amount of a compound of Claim 5. 

14. A pharmaceutical composition comprising a 

10 pharmaceutically suitable carrier and a therpeutically 
effective amount of a compound of Claim 6. 

15. A pharmaceutical composition comprising a 
Pharmaceutically suitable carrier and a therpeutically 

15 effective amount of a compound of Claim 7. 

16. A pharmaceutical composition comprising a 
pharmaceutically suitable carrier and a therpeutically 
effective amount of a compound of Claim 8. 



20 



25 



30 
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17. A method of treating a- physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a compound of claim 1. 

18. A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin-like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a compound of Claim 2. 

19. A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin-like enzymes 
comprising adminitistering to an animal in need of such 
treatment an effective amount of a compound of Claim 3 
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20 A method of treating a physiological disorder xn a 
warm blooded animal catalyzed by trypsin- like enzymes 
comprising administering to an animal in need of such 
treatment an effective amount of a compound of Claim 4. 

21 A method of treating a physiological disorder in a 
W arm blooded animal catalyzed by trypsin-like enzymes 
comprising administering to an animal indeed o such 
treatment an effective amount of a compound of Claim 5. 

22 A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin- like enzymes 

• „ mi nitistering to an animal in need of such 
comprising adminitistering to 

treatment an effective amount of a compound of Claim 6. 

23 A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin-liXe ensymes 
comprising adminitistering to an animal **«*T 
treatment an effective amount of a compound of Claim 7. 

24 A method of treating a physiological disorder in a 
warm blooded animal catalyzed by trypsin-like enzymes 
comprising adminitistering to an animal in need of ~ > 
treatment an effective amount of a compound of Claim 8. 
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